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INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF DNA 

This invention relates to biochemical analyses, and particularly to quantitative monitoring 
5 of DNA during a polymerase chain reaction (PCR) process. 



Polymerase chain reaction (PCR) is a process for amplifying or multiplying quantities of 
10 double-stranded deoxyribonucleic acid (DNA). In a PCR apparatus, a thermal cycler 

block has one or more wells for holding vials containing a suspension of ingredients for a 
reaction to produce more DNA starting with "seed" samples of the DNA. The starting 
ingredients in an aqueous suspension, in addition to the a seed sample, include selected 
DNA primer strands, DNA elements, enzymes and other chemicals. The temperature of 
15 the block is cycled between a lower temperature extension phase of the PCR reaction at 

about 60°C, which is the phase where all of the DNA strands have recombined into double 
strands, and a high temperature denaturing phase at about 95°C, during which the DNA is 
denatured or split into single strands. Such a temperature program essentially doubles the 
DNA in each cycle, thus providing a method for replicating significant amounts of the 
2 0 DNA from a small starting quantity. The PCR process is taught, for example, in U.S. 
patent No. 4,683,202. 

Quantitative measurements have been made on the DNA production during the PCR 
process, to provide measures of the starting amount and the amount produced. 

25 Measurements and computation techniques are taught in U.S. patent No. 5,766,889 

(Atwood), as well as in an article "Kinetic PCR Analysis: Real-time Monitoring of DNA 
Amplification Reactions" by Russel Higuchi, et al., Bio/Technology vol. 1 1, pp. 1026- 
1030 (September 1993), and an article "Product Differentiation by Analysis of DNA 
Melting Curves during the Polymerase Chain Reaction" by Kirk M. Ririe, et al., Analytical 

30 Biochemistry vol. 245, pp. 154-160 (1997). 
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Prior measuring techniques have utilized microvolume fluorometers (spectrofluorometers) 
and a simple arrangement of a video camera with illumination lamps. Such apparatus 
utilize dyes that fluoresce in the presence of double-stranded DNA. These techniques and 
instruments are not particularly adapted to PCR apparatus for routine monitoring of the 
5 reaction. There also is a need for greater precision during the monitoring and 

measurements. Previous instruments that allow real time acquisition and analysis of PCR 
data have been very basic devices without the required dynamic range, do not have built-in 
calibration means, do not allow operation with sample well caps, or are very expensive. 

An object of the present invention is to provide a novel optical instrument for quantitative 
monitoring of DNA replication in a PCR apparatus. Other objects are to provide such an 
instrument with improved dynamic range, automatic selection of exposure time to extend 
dynamic range, automatic adjustment for drift, simplified operation, relatively low cost, 
and easy changing of optics to accommodate different fluorescent dyes. 

SUMMARY 

The foregoing and other objects are achieved, at least in part, by an optical instrument as 
described herein for monitoring polymerase chain reaction replication of DNA. The 
2 0 replication is in a reaction apparatus that includes a thermal cycler block for holding at 
least one vial containing a suspension of ingredients for the reaction. The ingredients 
include a fluorescent dye that fluoresces proportionately in presence of DNA. 

The instrument includes a light source, means for directing light beams, a light detector, 
25 and means for processing data signals. The light source emits a source beam having at 
least a primary excitation frequency that causes the dye to fluoresce at an emission 
frequency. . A first means is disposed to be receptive of the source beam to effect an 
excitation beam having the excitation frequency. A primary focusing means is disposed to 
focus the excitation beam into each suspension such that the primary dye emits an 
30 emission beam having the emission frequency and an intensity representative of 

concentration of DNA in each suspension. The focusing means is receptive of and passes 
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the emission beam. A second means is disposed to be receptive of the emission beam from 
the focusing means so as to further pass the emission beam at the emission frequency to 
another focusing means that focuses the emission beam onto a detector. The detector 
generates primary data signals representative of the emission beam and thereby a 
corresponding concentration of DNA in each vial. A processor is receptive of the primary 
data signals for computing and displaying the concentration of DNA. 

In a preferred embodiment, the first means and the second means together comprise a 
beam splitter that is receptive of the source beam to effect the excitation beam, and 
receptive of the emission beam to pass the emission beam to the detector. The block is 
configured to hold a plurality of vials, and the focusing means comprises a corresponding 
plurality of vial lenses each disposed over a vial such that the emission beam comprises 
individual beams each associated with a vial. The focusing means may further comprise a 
field lens such as a Fresnel lens disposed cooperatively with the vial lenses to effect 
focusing of the excitation beam into each suspension, and to pass the individual beams to 
the second means (beam splitter). The detector preferably comprises an array of 
photoreceptors receptive of the individual beams to generate corresponding data signals 
such that the processing means computes concentration of DNA in each vial. 

The instrument should also include an excitation filter between the light source and the 
beam splitter, and an emission filter between the beam splitter and the detector. The 
splitter and filters are associated with a selected primary dye in the suspension. In a 
further embodiment, a filter module contains the splitter and filters, and the module is 
removable from the housing for replacement with another module associated with another 
selected primary dye. 

For a reference, a fluorescent reference member emits reference light in response to the 
excitation beam. The reference is disposed to be receptive of a portion of the excitation 
beam from the first means. A portion of the reference light is passed by the second means 
as a reference beam to the detector, so as to generate reference signals for utilization in 
the computing of the concentration of DNA. Preferably the reference member comprises 
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a plurality of reference emitters, each emitting a reference beam of different intensity in 
response to the excitation beam, to allow selection by the processor of a reference set 
having the highest data signals that are less than a predetermined maximum that is less 
than the saturation limit. 

5 

The detector is operatively connected to the processing means for the detector to integrate 
emission beam input over a preselected exposure time for generating each set of data 
signals, and the processing means or the detector or a combination thereof have a 
saturation limit for the data signals. In a further aspect of the invention, the processing 

10 means comprises adjustment means for automatically effecting adjustments in exposure 
time to maintain the primary data within a predetermined operating range for maintaining 
corresponding data signals less than the saturation limit, and means for correcting the 
primary data in proportion to the adjustments in exposure time. Preferably, the processor 
computes photoreceptor data from the data signals for each photoreceptor, and the 

15 adjustment means ascertains highest photoreceptor data, determines whether the highest 
photoreceptor data are less than, within or higher than the predetermined operating range 
and, based on such determination, the exposure time is increased, retained or reduced so 
as to effect a subsequent exposure time for maintaining subsequent photoreceptor data 
within the predetermined operating range. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of an optical train for an optical instrument according to the 
invention, associated with a polymerase chain reaction (PCR) reaction apparatus. 



FIG. 2 is a perspective of the instrument of FIG. 1 with a side panel removed. 
FIG. 3 is an exploded perspective of a module shown in FIG. 2. 
3 0 FIG. 4 is a perspective of a reference member in the optical train of FIG. 1. 
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FIG. 5 is a flow chart for computing DNA concentration from data obtained with the 
instrument of FIG. 1. 

FIG. 6 is a flow chart for determining exposure time for data acquisition in operation of 
the instrument of FIG. 1 and for computations in the flow chart of FIG. 5. 

FIG. 7 is a graph of extension phase data of fluorescence vs. cycles from operation of the 
instrument of FIG. 1 with aPCR apparatus. 

FIG. 8 is a flow chart for computing secondary data for computations in the flow chart of 
FIG. 5. 

FIG. 9 is a flow chart for computing ratios between the plurality of reference emitter 
segments of the reference member of FIG. 4. 

DETAILED DESCRIPTION 



An optical instrument A of the invention is utilized with or incorporated into a reaction 
apparatus B that replicates ("amplifies") selected portions of DNA by polymerase chain 
20 reaction ("PCR"). The reaction apparatus is conventional and should function without 
interference from the instrument which monitors the amount of DNA in real time during 
replication. Suitable reaction apparatus are described in U.S. patent Nos. 5,475,610 and 
5,656,493. 

25 The reaction apparatus (FIG. 1) is conventional and has two main components, namely a 
thermal cycler block 1 with wells la for holding at least one vial lb containing a 
suspension of ingredients for the reaction, and a thermal cycle controller lc for cycling the 
temperature of the block through a specified temperature program. The starting 
ingredients of the aqueous suspension of sample materials include a "seed" sample of 

3 0 DNA, selected DNA primer strands, DNA elements, enzymes and other chemicals. The 
block, typically aluminum, is heated and cooled in a prescribed cycle by electrical means, 
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liquid or air coolant, or a combination of these, or other means to achieve the cycling. 
The suspensions in the vials are thereby cycled between two temperature phases so as to 
effect the polymerase chain reaction. These phases are a lower temperature extension 
phase of the PCR reaction at about 60°C, which is the phase where all of the DNA strands 
have recombined into double strands, and a high temperature denaturing phase at about 
95°C, during which the DMA is denatured or split into single strands. 

For the present purpose the sample also contains a fluorescent dye that fluoresces 
proportionately and more strongly in the presence of double stranded DNA to which the 
dye binds, for example SYBR Green dye (available from Molecular Probes, Inc., Eugene, 
Oregon) that fluoresces in the presence of double stranded DNA Another type of 
fluorescent dye labeled "probes", which are DNA-Iike structures with complimentary 
sequences to selected DNA strand portions, may also be used. Other dyes that have 
similar characteristics may be utilized. As used herein and in the claims, the term "marker 
dye" refers to the type that binds to double stranded DNA, or to the probe type, or to any 
other type of dye that attaches to DNA so as to fluoresce in proportion to the quantity of 
DNA. Samples may also contain an additional, passive dye (independent of the DNA) to 
serve as a reference as described below. Under incidence of light having a correct 
excitation frequency, generally a dye fluoresces to emit light at an emission frequency that 
is lower than that of the excitation light. 

The vials typically are formed conically in a plastic unitary tray containing a plurality of 
vials, for example 96 in an array of 12 by 8. The tray preferably is removable from the 
block for preparations. A plastic unitary cover with caps Id for the vials may rest or 
attach over the vials to prevent contamination and evaporation loss. Other means may be 
used for this function, such as oil on the sample surface, in which case caps are not 
needed. If used, the caps are transparent to light utilized in the instrument, and may be 
convex facing upwardly. 



The monitoring instrument is mounted over the block containing the vials. The instrument 
is removable or swings away for access to the vials. In the bottom of the instrument, a 
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platen 2 rests over the vial caps or, if none, directly over the vials. The platen, 
advantageously aluminum, has an array of holes 2a therethrough aligned with the vials, 
each hole having a diameter about the same as the vial top diameter. If there are caps, the 
platen should have its temperature maintained by a film heater or other means for heating 
the platen sufficiently to prevent condensation under the caps without interfering with 
DNA replication in the viais, for example holding the platen at slightly higher temperature 
than the highest sample temperature that the thermal cycler reaches. 

Above each of the vials is a lens 2b positioned for its focal point to be approximately 
centered in the suspension in the vial. Above these lenses is a field lens 3 to provide a 
telecentric optical system. Advantageously the field lens is an aspherically corrected 
Fresnel lens for minimal distortion. A neutral density pattern (not shown) to correct 
nonuniformities in illumination and imaging may be mounted on or in proximity to the field 
lens, for example to attenuate light in the center of the image field. A folding optical 
mirror is optionally mounted at 45° for convenient packaging. This may be omitted, or 
other such folding optics may be used. Also the field lens, and/or the vial lenses, each may 
be comprised of two or more lenses that effect the required focusing, the word "lens" 
herein including such multiplicities. 

A light source 11 for a source beam 20 of light is provided, for example a 100 watt 
halogen lamp. Preferably this is mounted at a focal distance of an ellipsoid reflector 11a 
which produces a relatively uniform pattern over the desired area. Also, advantageously, 
the reflector should be dichroic, i.e. substantially reflecting visible light and transmitting 
infrared light, to restrict infrared from the other optical components and from overheating 
the instrument. This is further aided by a heat reflecting mirror 13 in the optical path. A 
mechanical or electronic shutter 12 allows blockage of the light source for obtaining dark 
data. The type of light source is not critical, and other types may be used such as a 
projection lamp or a laser, with appropriate optical elements. 



A beam splitter 6 is disposed to receive the source beam 20. In the present embodiment 
this is a dichroic reflector such that, positioned at 45°, it reflects light having an excitation 
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frequency that causes the marker dye to fluoresce at an emission frequency, and passes 
light having the emission frequency. Such a conventional optical device typically utilizes 
optical interference layers to provide the specific frequency response. 

The beam splitter is positioned to reflect the source beam to the folding mirror . The 
source beam is reflected from the splitter as a excitation beam 22 having substantially the 
excitation frequency. The excitation beam is focused by the field lens 3 and then as 
separated beams 24 by the vial (well) lenses 2b into the center of the vials. The marker 
dye is thereby caused to emit light at the emission frequency. This light is passed 
upwardly as an emission beam in the form of individual beams 26 that are reflected from 
the folding mirror 5 to the beam splitter 6 which passes the emission beam through to a 
detector 10. 

Together the vial lenses 2b and the field lens 3 constitute a primary focusing means for 
focusing both the excitation beam and the emission beam. In an alternative aspect, the 
field lens may be omitted so that the focusing means consists only of the vial lenses 2b. 
Alternatively, the vial lenses may be omitted so that the focusing means consists only of an 
objective lens in the field lens position to focus the individual emission beams on the 
detector. 

Also, alternatively, the beam splitter 6 may pass the source beam as an excitation beam 
and reflect the emission beam, with appropriate rearrangement of the lamp and the 
detector. Moreover, other angles than 45° could be used if more suitable for the beam 
splitter, such as a more perpendicular reflection and pass through. More broadly, the 
beam splitter splits the optical paths for the excitation beam and the emission beam, and 
other variations that achieve this may be suitable. It is desirable to minimize source light 
reaching the detector, which the dichroic device helps achieve. A non-dichroic beam 
splitter may be used but would be less efficient as significant source light may reach the 
detector, or may be reflected or transmitted in the wrong direction and lost. 
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To further filter the source light, an excitation filter 7 is disposed between the light source 
11 and the beam splitter 6. This passes light having the excitation frequency and 
substantially blocks light having the emission frequency. Similarly, an emission filter 8 is 
disposed between the beam splitter and the detector, in this case between the splitter and a 
5 detector lens 9 in front of the detector. This filter passes light having the emission 
frequency and substantially blocks light having the excitation frequency. Although a 
detector lens is preferred, a focusing reflector may be substituted for the detector lens. 
Such an emission focusing means (detector lens or reflector) may be located after (as 
shown) or before the beam splitter and on either side of the emission filter, and 
10 alternatively may be integrated into the primary focusing means. For example, the field 
lens may be an objective lens that focuses the emission beam onto the detector. 

Suitable filters are conventional optical bandpass filters utilizing optical interference films, 
each having a bandpass at a frequency optimum either for excitation of the fluorescent dye 

15 or its emission. Each filter should have very high attenuation for the other (non-bandpass) 
frequency, in order to prevent "ghost" images from reflected and stray light. For SYBR 
Green dye, for example, the excitation filter bandpass should center around 485 nm 
wavelength, and the emission filter bandpass should center around 555 nm. The beam 
splitter should transition from reflection to transmission between these two, e.g. about 510 

20 nm, so that light less than this wavelength is reflected and higher wavelength light is 
passed through. 

More broadly, the excitation filter and the beam splitter together constitute a first means 
disposed to be receptive of the source beam to effect an excitation beam having the 

25 excitation frequency, and the emission filter and the beam splitter together constitute a 
second means disposed to be receptive of the emission beam from the focusing means so 
as to pass the emission beam at the emission frequency to the detector. Also, as 
mentioned above, the beam splitter alternatively may pass the source beam as an excitation 
beam and reflect the emission beam to the detector. In another aspect, the filters may be 

3 o omitted, and the first means is represented by the beam splitter effecting the exitation 
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beam from the source beam, and the second means is represented by the beam splitter 
passing the emission beam to the detector. 

In another arrangement, the beam splitter may be omitted, and the first means may 
constitute an excitation filter for the excitation frequency, the second means may 
constitute an emission filter for the emission frequency, with the light source and the 
detector being side by side so that the excitation and emission beams are on slightly 
different optical paths angularly. The source and detector need not actually be side by side 
with one or more folding mirrors. Thus any such arrangement for achieving the effects 
described herein should be deemed equivalent. However, use of the beam splitter is 
preferred so that the excitation and emission beams through the field lens will have the 
same optical path. 

Advantageously the beam splitter 6, the excitation filter 7 and the emission filter 8 are 
affixed in a module 30 (FIG. 2) that is associated with a selected primary dye for the 
suspension. The module is removable from the housing 32 of the instrument A for 
replacement with another module containing different beam splitter and filters associated 
with another selected primary dye. The instrument includes a lamp subhousing 33 and a 
camera subhousing 35. 

In an example (FIG. 3), each module includes a mounting block 34 with a flange 36 that is 
affixable to the housing with a single screw 38. The beam splitter 6 is held at 45° in the 
block with a frame 40 and screws 42. The emission filter 8 mounts (e.g. with glue) into 
the block. The excitation filter 7 mounts similarly into a mounting member 44 that is held 
by screws 46 to the block. With the module in place, the instrument is closed up with a 
side plate 47 that is screwed on. Positioning pins (not shown) ensure repeatable 
alignment. The replacement module may have the same mounting block and associated 
components, with the beam splitter and filters replaced. 
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The detector lens 9 (FIG. 1) is cooperative with the vial lenses 2b and the field lens 3 to 
focus the individual beams on the detector 10. The lens should be large aperture, low 
distortion and minimum vignetting. 

The detector preferably is an array detector, for example a charge injection device (CID) 
or, preferably, a charge coupled device (CCD). A conventional video camera containing a 
CCD detector, the detector lens and associated electronics for the detector should be 
suitable, such as an Electrim model 1000L which has 751 active pixels horizontal and 242 
(non-interlaced) active pixels vertical. This camera includes a circuit board that directly 
interfaces to a computer ISA bus. No framegrabber circuitry is required with this camera. 
Essentially any other digital imaging device or subsystem may be used or adapted that is 
capable of taking still or freeze-frame images for post processing in a computer. 

A detector with a multiplicity of photoreceptors (pixels) 78 is preferable if there are a 
plurality of vials, to provide separate monitoring of each. Alternatively a scanning device 
may be used with a single photodetector, for example by scanning the folding mirror and 
using a small aperture to the detector. Also, a simple device such as a photomultipier may 
be used if there is only one vial. A CCD receives light for a selected integration period 
and, after analog/digital conversion, reads out digital signal data at a level accumulated in 
this period. The integration is effectively controlled by an electronic shutter, and a frame 
transfer circuit is desirable. Signal data are generated for each pixel, including those 
receiving the individual beams of emitted light from the vials. 

The instrument preferably includes a fluorescent reference member 4 that emits reference 
light in response to the excitation beam. Advantageously the reference member is formed 
of a plurality of reference emitters, e.g. 6, each emitting a reference beam of different 
- intensity in response to the excitation beam. The range of these intensities should 
approximate the range of intensities expected from the marker dye in the vials; for 
example each segment may be separated in brightness by about a factor of 2.5. The 
reference member is disposed to receive a portion of the excitation beam from the beam 
splitter. A good location is adjacent to the field lens, so that the optical paths associated 
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with the member approximate those of the vials. Most of the reference light passes back 
through the beam splitter as a reference beam to the detector. The detector pixels receive 
the emission beam to generate reference signals for utilization along with the data signals 
in the computing of the concentration of DNA. 

Advantageously the reference member 4 (FIG. 4) comprises a plastic fluorescent strip 4a 
and a neutral density filter 4b mounted over the fluorescent strip, optionally with an air 
space 4h between, such that a portion of the excitation beam and the reference beam are 
attenuated by the neutral density filter. The neutral density filter has a series of densities 
4c to effect the plurality of reference emitters (segments) each emitting a reference beam 
of different intensity. A heating strip 4d and an aluminum strip 4g to smooth the heating 
are mounted in a trough 4e on the bottom thereof, and the fluorescent strip is mounted on 
the aluminum strip over the heating strip. To prevent heat loss, this assembly preferably is 
covered by a transparent plexiglass window (not shown, so as to display the varying 
density filter). To help maintain constant fluorescence, the heating strip is controlled to 
maintain the fluorescent strip at a constant temperature against the thermal cycles of the 
cycler block and other effects. This is done because most fluorescent materials change in 
fluorescence inversely with temperature. 

The computer processor 14 (FIG. 1) may be a conventional PC. The computer 
programming is conventional such as with "C". Adaptations of the programming for the 
present invention will be readily recognized and achieved by those skilled in the art. The 
processor selectively processes signals from pixels receiving light from the vials and the 
reference emitters, ignoring surrounding light. The programming therefore 
advantageously includes masking to define the pixel regions of interest (ROI), e.g. as 
disclosed in copending provisional patent application serial No. 60/092,785 filed 07/14/98 
of the present assignee. Mechanical alignment of the optics may be necessary to 
cooperatively focus the beams into the programmed regions of interest. The analog data 
signals are fed to the processor through an analog/digital (A/D) device 15 which, for the 
present purpose, is considered to be part of the processor. A saturation level is proscribed 
by either the detector or the A/D or, preferably, the CCD dynamic range is matched to the 
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A/D dynamic range. A suitable range is 8 bits of precision (256 levels), and the CCD 
amplifier offset is set so that the dark signal output of the CCD (with the shutter 12 
closed) is within the A/D range! The processor, instructs the detector with selected 
exposure time to maintain the output within the dynamic range. 

In a typical operation, fluorescence data are taken from the plurality of vials (e.g. 96 
regions of interest) and from the reference emitter segments, for each cycle in a DNA 
reaction replication sequence of thermal cycles, typically 40 to 50. Two data sets are 
taken (FIG. 5) for each thermal cycle during the extension phase of thePCR reaction at 
about 60°C, which is the phase where all of the DNA strands have recombined into double 
strands. One set is normal primary data 50 (along with reference data described below) 
and the other is dark signal data 51 with the mechanical shutter closed. Both digital data 
sets 50, 51 are converted by the A/D 15 from respective analog data signals 48, 49 from 
the detector. The dark are subtracted 55 from the normal, to yield dark-corrected data 57. 
In a simple procedure, the subtraction is pixel by pixel. Alternatively, total dark for each 
region of interest are subtracted from corresponding total fluorescence data. In another 
alternative, in order to increase effective dynamic range, it is advantageous to collect 
multiple exposures during each exposure period, e.g. 4 or 8 exposures. This is done by 
collecting multiple normal exposures and dark signal data for each pixel, subtracting each 
respective dark image from the normal data, then adding the subtracted data together to 
yield the primary data. This improves the statistical validity of the image data and 
increases its effective dynamic range. 

Data are taken simultaneously from the reference strip which has, for example, 6 segments 
together with the 96 vials for a total of 102 regions of interest. Preferably the processing 
means provides for automatic adjustment of the exposure time to maintain the data signals 
within a predetermined operating range that is less than the saturation limit during the 
DNA replication sequence, for example 35% to 70% of saturation. Computations for 
DNA concentration include corrections in proportion to adjustments in exposure time 
(FIG. 6). Signal data 50, 51 from each exposure 52, 53 are obtained during a previously 
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determined exposure time 54 by totaling the pixel counts within each region of interest 
(ROI). 

To provide the time adjustments, the highest signal data 56, which is data from one or 
more highest pixel readings, such as the three highest-reading contiguous pixels, is 
searched out 58 from the corresponding data signals 50. From a comparison 62 it is 
determined whether the highest signal data are less than, within or higher than the selected 
operating range 60. Based on such determination, the exposure time is adjusted 64, i.e. 
increased, retained or reduced, to obtain the subsequent exposure time 66. A reference 
time 68 (FIG. 5) also is selected which may be, for example, an initial time or a fixed 
standard time such as 1024 ms. The dark-corrected data 57 is time-corrected 69 to yield 
corrected primary data 71, dividing by ratio of actual exposure time to the reference time. 
The first several cycles may be out of range, and thereafter a useful fluorescence curve 
should be obtained (FIG. 7). 

For the reference emitter, from the pixels receiving light from the reference strip 4 (FIGS. 
1 and 4) reference data signals 73 are generated and converted by the A/D 15 to reference 
data 72. Selected reference data 74 from a specific reference segment 4c (FIG. 4) are 
selected 76 as that data having the highest signal strength that is less than a predetermined 
maximum 77 that, in turn, is less than the saturation limit, e.g. 70%. A next dimmer 
segment is also selected 75, and the selected reference data 74 include the data from that 
segment. The dark data 51 are subtracted 78 from the reference data 74, and the dark- 
corrected data 80 are adjusted 84 for exposure time 54 to yield adjusted reference data 82. 

The data 82 includes dark corrected data 82' for the highest segment and dark corrected 
data 82" for the next dimmer segment (FIG. 9). The ratios of brightness between each 
segment are computed 89 and built up over the course of data collection. Each time data 
is collected, the ratio between the highest and next dimmer segment is calculated. As 
different optimum segments are selected on succeeding data collections, a table of ratios 
85 is assembled. Alternatively, these rations may be collected and calculated in advance. 
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This adjusted reference data 82' (from data 82, FIG. 5) are utilized for computing 
normalized reference data 88 which are normalized 86 in real time as a ratio to reference 
data 90 from an initial or other selected previous cycle in the DNA replication (PCR) 
sequence by working back with the ratios 85. The normalized reference data are utilized 
5 on the corrected primary data 71 in a normalization computation 92 to provide drift 

normalized primary data 94 by dividing the primary data by the normalized reference data. 
This corrects for instrument drift during the monitoring. DNA concentration 96 may then 
be computed 98 from a stored calibration factors 99, determined by running standard 
known DNA concentrations to determine the slope and intercept of a line relating starting 
10 concentration to the starting cycle of the growth curve (FIG. 7) as taught in the 

aforementioned article by Higuchi and U.S. Patent No. 5,766,889. (Further normalization 

118, 120 and baseline correction 122-130 are discussed below.) , 

j 

Extension phase data for a typical PCR sequence would look like FIG. 7, plotted for each 
15 PCR cycle. If desired, the data may be corrected for dye bleaching or other sample 

chemical effects by normalizing to sample vials containing samples with the same dye and 
with DNA amplification prevented chemically. 

The sample additionally may contain one or more types of dye molecules that serve as a 
20 "passive" reference having some fluorescence in the same wavelength range as the DNA 
binding dye. This reference dye is made up, for example, of a nucleic acid sequence 
labeled with Rhodamine and Fluorescein dye derivatives. A suitable reference is Rox dye 
from Perkin-EImer Applied Biosystems. These passive dye molecules do not take part in 
the PCR reaction, so that their fluorescence is substantially without influence from DNA 
25 and remains constant during the reaction. This fluorescence can be used to normalize the 
fluorescence from the DNA binding dye with a standard concentration of passive dye 
included in the ingredients of at least one vial, preferably in every vial. 

The source beam includes a secondary excitation frequency that causes the passive dye to 
30 fluoresce at a secondary frequency and thereby emit a secondary beam directed to the 

detector to generate corresponding secondary data signals. The processor is receptive of 



15 




WO 99/60381 PCT/US99/1 1088 

the secondary data signals for computing secondary data representative of standard 
concentration. These data are used to normalize the primary data, so that the 
concentration of DNA is normalized to the standard concentration of passive dye after 
correcting computations of concentration of DNA in proportion to adjustments in 
5 exposure time, and in conjunction with the normalization for drift. Advantageously, and in 
the present example, the secondary excitation frequency is identical to the primary 
excitation frequency, and the passive dye fluoresces such that the emitted secondary beam 
is substantially at the emission frequency. The primary data signals are generated during 
each extension phase of cycling of the thermal cycler block when DNA is recombined and 

10 correspondingly primary dye emission is maximized. The secondary data signals are 

generated during each denature phase of cycling of the thermal cycler block when DNA is 
denatured and correspondingly primary dye emission is minimized. Thus data signals for 
the primary phase are substantially representative of DNA concentration, and data signals 
for the secondary phase are substantially representative of the standard concentration of 

15 passive dye. 

The dark and normal data are taken for the vial samples and the reference strip, and the 
dark is subtracted from the normal fluorescence data. This dark and normal data set is 
taken during the extension phase of the PCR reaction at about 60°C, which is the phase 

20 where all of the DNA strands have recombined into double strands. During this phase, the 
fluorescence from the DNA binding dye is maximized, and the fluorescence from the 
passive reference molecules is superimposed but much smaller. A separate dark and 
normal data set is taken during the high temperature (about 95°C) denaturing phase, 
during which the DNA is denatured or split into single strands. During this phase, the 

25 fluorescence of the DNA binding dye is minimized, and almost non-existent, because the 
DNA is not double stranded and the fluorescence of the dyes used have a large decrease in 
fluorescence with increased temperature. Therefore the denaturing phase images 
substantially contain reference fluorescence from the passive reference molecules. The 
dark-corrected reference (denaturing) data set, after correction for measured temperature 

30 dependence, may be subtracted from the dark-corrected DNA binding dye data set, or may 
be deemed insignificant for the normal data set. 
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Alternatively, it may be desirable to image the passive reference dye labeled molecules by 
taking the additional images, for each PCR cycle, using a separate optical bandpass filter 
that rejects wavelengths emitted by the DNA binding dye while accepting wavelengths 
5 from the passive reference dye. This data would be functionally equivalent to the denature 
data. 

Illustrating operation for the denature phase (FIG. 8), respective normal and dark data 
signals 102, 104 are obtained in the same manner as for the primary data, with normal 

10 exposure 52 1 and closed shutter 53V Exposure time 106 may be the same as for an 

adjacent extension phase in the sequence, or determined from a previous denature phase 
run (as described with respect to FIG. 7), or may be a suitable time predetermined for all 
denature phases in the sequence. The A/D 15 converts the signals to secondary data 108 
and dark data 110. The dark is subtracted 55* from the secondary to yield dark-corrected 

15 data 112 which is further corrected 69 f with a reference time 114 and the actual exposure 
time 106 to yield corrected secondary data 116. 

The extension cycle, drift normalized primary data 94 then are normalized 118 by dividing 
by the average of a selected number (e.g. 10) of cycles for the denature phase corrected 

20 secondary data 116 to produce further normalized fluorescence data or further normalized 
data 120, which removes sample well to well non-uniformity effects. Cycle by cycle 
division may be used in place of an average. Alternatively the secondary data may be 
applied to the corrected primary data 71 before or after drift normalization. Baseline 
samples may be selected 122 and averaged 124 to produce baseline data 126. The further 

25 normalized data 120 are then divided 128 by the baseline data to yield baseline corrected 
data 130. These baseline samples are selected so as to be before the PCR growth exceeds 
the nearly horizontal base line portion of the curve in FIG. 7. Selected baseline cycles 
may be, for example, cycles 6 through 15. After further normalization 118, the further 
normalized data 118 are used to compute 98 DNA concentration 96. 
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The trend (e.g. least squares regression line) of these same baseline samples is subtracted 
from the normalized extension cycle data, to produce data that has a flat base line at zero. 
This data set may then be processed using established or other desired PCR methods to 
calculate the amount of starting copies of DNA. A simple procedure is to extrapolate for 
the inflection point at the transition from flat to rising. A more sophisticated procedure is 
described in the aforementioned U.S. patent No. 5,766,889. 

The data may be used for various purposes, for example quantitative monitoring of the 
reaction or determination of replicated DNA concentration, or determination of the 
starting amount. The instrument also may be used (with or without normalizations and 
other corrections) simply to display whether replication is taking place during a sequence, 
or has taken place. 

While the invention has been described above in detail with reference to specific 
embodiments, various changes and modifications which fall within the spirit of the 
invention and scope of the appended claims will become apparent to those skilled in this 
art. Therefore, the invention is intended only to be limited by the appended claims or their 
equivalents. 
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What is claimed is: 

1. An optical instrument for monitoring polymerase chain reaction replication of DNA in 
a reaction apparatus that includes a thermal cycler block for holding at least one vial 
containing a suspension of ingredients for the reaction, the ingredients including a 
fluorescent primary dye that fluoresces proportionately in presence of DNA, the 
instrument comprising: 

a light source for emitting a source beam having at least a primary excitation frequency 
that causes the primary dye to fluoresce at an emission frequency; 

first means disposed to be receptive of the source beam to effect an excitation beam 
having the excitation frequency; 

primary focusing means disposed to focus the excitation beam into each suspension such 
that the primary dye emits an emission beam having the emission frequency, the emission 
beam having an intensity representative of concentration of DNA in each suspension, the 
focusing means being receptive of and passing the emission beam; 

second means disposed to be receptive of the emission beam from the focusing means so 
as to further pass the emission beam at the emission frequency; 

emission focusing means for focusing the emission beam; 
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a detector disposed to be receptive of the emission beam from the second means and the 
emission focusing means such that the emission beam is focused onto the detector, the 
detector generating primary data signals representative of the emission beam and thereby a 
corresponding concentration of DNA in each vial; and 

processing means receptive of the primary data signals for computing primary signal data 
and the corresponding concentration of DNA. 

2. The instrument of claim 1 wherein the first means and the second means together 
comprise a beam splitter that is receptive of the source beam to effect the excitation beam, 
and receptive of the emission beam to pass the emission beam at the emission frequency to 
the detector. 



3. The instrument of claim 2 wherein the beam splitter is disposed to reflect light having 
the excitation frequency and pass light having the emission frequency. 

4. The instrument of claim 1 wherein the block is configured to hold a plurality of vials, 
the focusing means comprises a corresponding plurality of vial lenses each being disposed 
for positioning over a vial such that the emission beam comprises individual beams each 
associated with a vial, and the detector comprises an array of photoreceptors receptive of 
the individual beams to generate corresponding data signals such that the processing 
means computes concentration of DNA in each vial. 
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5. The instrument of claim 4 wherein the vials have transparent vial caps, the instrument 
further comprises a platen having holes therein aligned with the vial lenses so as to pass 
the individual beams and associated portions of the excitation beam therethrough, the 
platen being disposed for the holes to fit over the caps in contact therewith, and further 
comprises heating means for heating the platen sufficiently to prevent condensation under 
the caps without interfering with DNA replication in the vials. 

6. The instrument of claim 4 wherein the focusing means further comprises a field lens 
disposed cooperatively with the vial lenses to effect focusing of the excitation beam into 
each suspension, and to pass the individual beams to the second means. 

7. The instrument of claim 6 wherein the field lens is an asphericaliy corrected Fresnel 
lens. 

8. The instrument of claim 6 wherein the emission focusing means comprises a detector 
lens disposed between the second means and the detector, the detector lens being 
cooperative with the vial lenses and the field lens to focus the individual beams on the 
detector. 

9. The instrument of claim 8 further comprising a fluorescent reference emitter that emits 
reference light in response to the excitation beam, the reference emitter being disposed for 
the emission focusing means to focus at least a portion of the reference light as a reference 
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beam onto the detector, the detector being further receptive of the reference beam to 
generate a reference signal, and the processing means comprises means receptive of the 
reference signal for computing reference data, and means for normalizing the primary data 
with the reference data for a chosen point in the reaction replication of DNA, thereby 
correcting for instrument drift during the monitoring. 



10. The instrument of claim 9 wherein the reference member comprises a plurality of 
reference emitters each emitting a reference beam of different intensity in response to the 
excitation beam, the reference emitters being disposed for the emission focusing means to 
focus each reference beam onto the detector, the detector being further receptive of each 
reference beam to generate a set of reference signals for each reference emitter, and the 
processing means comprises means receptive of the reference signals for computing 
corresponding sets of reference data, means for selecting from the sets the selected 
reference data that has the highest signal data less than a predetermined maximum, the 
selected reference data being used for normalizing the primary data. 

11. The instrument of claim 1 wherein the first means further comprises an excitation 
filter, the second means further comprises an emission filter, and the first means and the 
second means together comprise a beam splitter, the excitation filter being disposed 
between the light source and the beam splitter, the emission filter being disposed between 
the beam splitter and the detector, the excitation filter passing light having the excitation 
frequency and substantially blocking light having the emission frequency, and the emission 
filter passing light having the emission frequency and substantially blocking light having 
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the excitation frequency, the excitation filter and the beam splitter being cooperatively 
receptive of the source beam to effect the excitation beam, and the emission filter and the 
beam splitter being cooperatively receptive of the emission beam to pass the emission 
beam having the emission frequency to the detector. 

12. The instrument of claim 1 1 further comprising a housing containing the light source, 
the detector, the focusing means and a filter module, wherein the beam splitter, the 
excitation filter and the emission filter are affixed in the module and are associated with a 
selected primary dye for the suspension, and the module is removable from the housing for 
replacement with another module associated with another selected primary dye. 

13. The instrument of claim 1 wherein the light source comprises a halogen lamp and an 
ellipsoid reflector disposed proximate to the lamp oppositely from the first means, the 
lamp being disposed at a focal distance from the ellipsoid reflector to effect the source 
beam with light reflected from the ellipsoid reflector, and the ellipsoid reflector 
substantially reflecting visible light and transmitting infrared light. 

14. The instrument of claim 1 further comprising a fluorescent reference emitter that 
emits reference light in response to the excitation beam, the reference emitter being 
disposed for the emission focusing means to focus at least a portion of the reference light 
as a reference beam onto the detector, the detector being further receptive of the reference 
beam to generate a reference signal, and the processing means comprises means receptive 
of the reference signal for computing reference data, and means for normalizing the 
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primary data with the reference data for a chosen point in the reaction replication of DNA, 
thereby correcting for instrument drift during the monitoring. 

15. The instrument of claim 14 wherein the reference member comprises a plurality of 
reference emitters each emitting a reference beam of different intensity in response to the 
excitation beam, the reference emitters being disposed for the emission focusing means to 
focus each reference beam onto the detector, the detector being further receptive of each 
reference beam to generate a set of reference signals for each reference emitter, and the 
processing means comprises means receptive of the reference signals for computing 
corresponding sets of reference data, means for selecting from the sets the selected 
reference data that has the highest signal data less than a predetermined maximum, the 
selected reference data being used for normalizing the primary data. 

16. The instrument of claim 15 wherein the reference member comprises a plastic 
fluorescent strip and a neutral density filter mounted on the fluorescent strip such that the 
reference beam and a portion of the excitation beam are attenuated by the neutral density 
filter, the neutral density filter having a series of densities to effect the plurality of 
reference emitters each emitting a reference beam. 

17. The instrument of claim 16 further comprising temperature means for maintaining the 
reference member at substantially constant temperature. 
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18. The instrument of claim 17 wherein the temperature means comprises a heating strip 
mounted under the fluorescent strip, and means for controllably heating the heating strip. 

19. The instrument of claim 1 further comprising a plurality of fluorescent reference 
emitters each emitting a reference beam of different intensity in response to the excitation 
beam, the reference emitters being disposed for the emission focusing means to focus each 
reference beam onto the detector, the detector being further receptive of each reference 
beam to generate a set of reference signals for each reference emitter, and the processing 
means comprises means receptive of the reference signals for computing corresponding 
sets of reference data, means for selecting from the sets the selected reference data that 
has the highest signal data less than a predetermined maximum, and means for normalizing 
the primary data with corresponding selected reference data for a chosen point in the 
reaction replication of DNA, thereby correcting for instrument drift during the monitoring. 

20. The instrument of claim 1 wherein sets of data signals are generated sequentially in a 
replication sequence, the processing means or the detector or a combination thereof have a 
saturation limit for the data signals in each set, the detector is operatively connected to the 
processing means for the detector to integrate emission beam input over a preselected 
exposure time for generating each set of data signals, and the processing means comprises 
adjustment means for automatically effecting adjustments in exposure time to maintain the 
primary data within a predetermined operating range for maintaining corresponding data 
signals less than the saturation limit, and means for correcting the primary data in 
proportion to the adjustments in exposure time. 
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21. The instrument of claim 20 wherein the detector comprises an array of photoreceptors 
receptive of the emission beam for generating corresponding data signals in an associated 
exposure time, the predetermined operating range is for each photoreceptor, and the 
processing means further comprises means for computing photoreceptor data from the 
data signals for each photoreceptor, and the adjustment means comprises means for 
ascertaining highest photoreceptor data, means for determination of whether the highest 
photoreceptor data are less than, within or higher than the predetermined operating range, 
and means based on such determination for respectively increasing, retaining or reducing 
the exposure time so as to effect a subsequent exposure time for maintaining subsequent 
photoreceptor data within the predetermined operating range. 

22. The instrument of claim 1 further comprising a plurality of fluorescent reference 
emitters each emitting a reference beam of different intensity in response to the excitation 
beam, the reference emitters being disposed for the emission focusing means to focus each 
reference beam onto the detector, the detector being further receptive of each reference 
beam to generate a set of reference signals for each reference emitter, and the processing 
means comprises means receptive of the reference signals for computing corresponding 
sets of reference data, means for selecting from the sets the selected reference data that 
has the highest signal data less than a predetermined maximum, and means for normalizing 
the primary data with corresponding selected reference data for a chosen point in the 
reaction replication of DNA, thereby correcting for instrument drift during the monitoring. 
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23. The instrument of claim 20 wherein the ingredients for at a via! further include a 
standard concentration of fluorescent passive dye that fluoresces substantially without 
influence from DNA, the source beam includes a secondary excitation frequency that 
causes the passive dye to fluoresce at a secondary emission frequency and thereby emit a 
secondary emission beam passed by the second means and focused onto the detector to 
generate corresponding secondary data signals, the processing means further comprises 
means receptive of the secondary data signals for computing secondary data, and means 
for dye normalizing the primary data, whereby the computed concentration of DNA is 
normalized to the standard concentration of passive dye. 

24. The instrument of claim 23 wherein the secondary excitation frequency is identical to 
the primary excitation frequency ^ the passive dye fluoresces such that the secondary beam 
is substantially at the emission frequency, the primary data signals are generated during an 
extension phase of cycling of the thermal cycler block when DNA is recombined and 
correspondingly primary dye emission is maximized, and the secondary data signals are 
generated during a denature phase of cycling of the thermal cycler block when DNA is 
denatured and correspondingly primary dye emission is minimized, whereby data signals 
for the extension phase are substantially representative of DNA concentration and data 
signals for the denature phase are substantially representative of the standard 
concentration of passive dye. 

25. The instrument of claim 1 wherein the ingredients for a vial further include a standard 
concentration of fluorescent passive dye that fluoresces substantially without influence 
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from DNA, the source beam includes a secondary excitation frequency that causes the 
passive dye to fluoresce at a secondary emission frequency and thereby emit a secondary 
emission beam passed by the second means and focused onto the detector to generate 
corresponding secondary data signals, the processing means comprises means receptive of 
the secondary data signals for computing secondary data, and means for dye normalizing 
the primary data, whereby the computed concentration of DNA is normalized to the 
standard concentration of passive dye. 

26. The instrument of claim 25 wherein the secondary excitation frequency is identical to 
the primary excitation frequency, the passive dye fluoresces such that the secondary beam 
is substantially at the emission frequency, the primary data signals are generated during an 
extension phase of cycling of the thermal cycler block when DNA is recombined and 
correspondingly primary dye emission is maximized, and the secondary data signals are 
generated during a denature phase of cycling of the thermal cycler block when DNA is 
denatured and correspondingly primary dye emission is minimized, whereby data signals 
for the extension phase are substantially representative of DNA concentration and data 
signals for the denature phase are substantially representative of the standard 
concentration of passive dye. 

27. A system for replication of DNA and monitoring thereof, comprising a reaction 
apparatus for polymerase chain reaction replication of DNA, and an optical instrument for 
monitoring presence of DNA during such replication, wherein the apparatus comprises a 
thermal cycler block for holding at least one vial containing a suspension of ingredients for 
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the reaction, the ingredients including a fluorescent dye that fluoresces proportionately in 
presence of DNA, and further comprises means for thermal cycling the block and thereby 
the suspension so as to effect the polymerase chain reaction; wherein the instrument 
comprises: 

a light source for emitting a source beam having at least an excitation frequency that 
causes the dye to fluoresce at an emission frequency; 

first means disposed to be receptive of the source beam to effect an excitation beam 
having the excitation frequency and to pass the excitation beam to a focusing means, the 
focusing means being for focusing the excitation beam into each suspension such that the 
dye emits an emission beam having the emission frequency, and for passing the emission 
beam to a second means, the second means being for further passing the emission beam t< 
a detector, the detector being disposed to be receptive of the emission beam from the 
second means so as to generate data signals representative of the emission beam and 
thereby concentration of DNA; and 

processing means receptive of the data signals for computing and displaying the 
concentration of DNA. 

28. The system of claim 27 wherein the first means and the second means together 
comprise a beam splitter receptive of the source beam to effect the excitation beam, and 
receptive of the emission beam to pass the emission beam to the detector. 
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29. A filter module for an optical instrument that monitors polymerase chain reaction 
replication of DNA in a reaction apparatus that includes a thermal cycler block for holding 
at least one vial containing a suspension of ingredients for the reaction, the ingredients 
including a fluorescent dye that fluoresces proportionately in presence of DNA, the 
instrument including a housing, a light source disposed in the housing for emitting a 
source beam having at least an excitation frequency that causes the dye to fluoresce at an 
emission frequency, focusing means disposed in the housing for focusing an excitation 
beam having the excitation frequency into each suspension such that the dye emits an 
emission beam having the emission frequency, a detector disposed in the housing to be 
receptive of the emission beam so as to generate data signals representative of the 
emission beam and thereby concentration of DNA, and processing means receptive of the 
data signals for computing and displaying the concentration of DNA; wherein the module 
comprises: 

a support frame, the instrument being receptive of the support frame into the instrument; 

a beam splitter affixed in the support frame so that, with the module inserted, the beam 
splitter is receptive of the source beam so as to effect the excitation beam, and receptive of 
the emission beam to pass the emission beam to the detector; 

an excitation filter that passes light having the excitation frequency and substantially 
blocks light having the emission frequency, the excitation filter being affixed in the support 
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frame so that, with the module inserted, the excitation filter is disposed between the light 
source and the beam splitter; and 



an emission filter that passes light having the emission frequency and substantially blocks 
light having the excitation frequency, the emission filter being affixed in the support frame 
so that, with the module inserted, the emission filter is disposed between the detector and 
the beam splitter; 

the beam splitter, the excitation filter and the emission filter, and thereby the module, 
being associated with a selected dye for the suspension, and the module being removable 
from the housing for replacement with another module associated with another selected 
dye. 

30. The module of claim 29 wherein the beam splitter reflects light having an excitation 
frequency, and passes light having the emission frequency. 
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I. Basis of the report 

1 This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as ■'originally fried" and are not annexed to 

the report since they do not contain amendments.): 



Description, pages: 

1_18 as originally tiled 



Claims, No.: 

1-30 as originally filed 

Drawings, sheets: 

1/7.7/7 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 
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applicability; citations and explanations support.ng such statement 



1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes: Claims 1-26,28-30 

No: Claims 27 

Yes: Claims 16-18 

No: Claims 1-15,19-26,28-30 



Industrial applicability (IA) Yes: Claims 1-30 

No: Claims 



2. Citations and explanations 
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WITH RESPECT TO POINT V 

1 . The following documents are referred to in this report: 

D 1 =US5736333; D2=EP0640828; D3-US579261 0; D4=WO9746707 

The present application relates to optical apparatus for monitoring polymerase 
chain reactions for replication of DNA held in vials of a thermal cycler block. The 
apparatus comprises arrangement of light sources, filters, detectors, beam 
splitters, and lenses in particular arrangements. 

2. PRELIMINARY 

In as much as any of the claims are directed to apparatus which does not contain 
features relating to signals representative of the DNA sample, such claimed 
apparatus is not limited by the form of the sample itself (DNA replication fluids) 
and prior art disclosing the same apparatus features for samples of a different 
type must still be considered relevant. 



3. INDEPENDENT CLAIM 1 

D1 (Figs. 1, 2) is considered to represent the closest prior art and to disclose all 
features of claim 1 except: 

i) means for focusing the emission beam onto the detector. 

In D1 the vials are sequentially focused via optical fibres and lenses onto a grating 
and then by reflection to a detector. 

Re i): D2 (Fig. 15) which lies in the same field as D1 discloses focusing of a 
sample array onto a CCD camera 16a' to permit parallel processing of the 
fluorescence signals - the output from individual reaction chambers is isolated by 
identifying. respective pixel regions in the CCD array. The skilled person would 
modify the device of D1 from sequential detection of the vials to simultaneous 
detection in order to increase throughput and this would require merely 
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replacement of the optics used above the array of vials. 

Independent claim 1 therefore does not meet the requirement of inventive step 
(Art. 33. 3 PCT). 

4. INDEPENDENT CLAIM 27 

In view of the disclosure of D1 referred to in the discussion of claim 1 above, claim 
27 does not meet the requirement of novelty (Art. 33.2 PCT). 

5. INDEPENDENT CLAIM 29 

D2 EP0640828 (Fig. 15 ) is considered to represent the closest prior art. This 
document discloses the use, in a DNA PCR apparatus, of a plurality of filters - 
one for the excitation light mounted at an aperture in the housing and others 
arranged for interchangeable interception of the emission beams such as on a 
filter wheel coupled to a camera. In this way, different emission wavelengths and 
thus nucleic acid sequences in a given sample can be monitored and the 
presence of the target sequence can be determined. 

D2 therefore discloses all features of claim 29 except the integration of excitation 
filter, emission filter and beam splitter into a single module and the provision of a 
support frame into which this integrated module is inserted. 

D3 US5792610 (Fig. 1) which also lies in the field of apparatus for use in 
monitoring polymerase chain reactions states that :"two INTERCHANGEABLE 
filters were chosen one for use with Cy5, Cy5.5 (Oriel #58893; 740 nm cutoff) and 
one for use with Cy7 (Oriel 58895; 790 nm cutoff)." and that, "switching the filter 
sets in excitation and emission path as well as the dichroic mirror was done 
manually, but a computer-controlled electro-mechanical solution will allow 
automation of the procedure". The replacement of the filter wheel in D2 by an 
automatically interchangeable module comprising dichroic mirror, excitation and 
emission filters would therefore be an obvious modification to the skilled person. 
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Claim 29 therefore does not meet the requirement of inventive step (Art. 33.3 
PCT). 

6. DEPENDENT CLAIMS 2-26; 28; 30 

The additional features of the dependent claims listed below are evident from the 
prior art as indicated: 

Claims 2-3, 5-6, 11, 28, 30. D1, Fig. 2. 

Claim 4. D1 (Fig. 2 - vial lenses); D2 (Figs. 15, 6 - focusing of individual light 
beams onto detector array; parallel processing) 

Claim 7. The choice of Fresnel lenses which offer short focal lengths would be 
obvious in view of the requirement of compactness of the instrument. 

Claims 8;9, 10,14-15,19,22 , 25. D2 (Fig. 15 - focusing of individual light from 
beams from the vials onto a detector array); D1 discusses the use of internal 
fluorescent dyes and D2 the use of a control tube 26C with a fluorescence dye in 
the array of samples for compensating drift measurement. The use of a plurality of 
references from which the maximum intensity is selected, subject to avoidance of 
detector saturation, is the obvious way to ensure optimum accuracy of 
normalisation. 

Claim 12. See discussion of claim 29. 

Claim 13. D4 (Fig. 1 1) discloses an elliptical reflector with a Xenon source; 
alternative use of a Halogen in place of Xenon would be obvious as would the 
desirability of reflecting visible light whilst transmitting visible since only the former 
is useful as excitation light. 

Claims 20, 21. D2 describes the use of a shutter to the light source to 
intermittently expose the reaction mixtures to the excitation light since otherwise 
photo-deactivation ( "bleaching") of the sample can occur. Camera exposure 
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control of the CCD array which must be thermoelectrically cooled is also 
disclosed. The purpose of the exposure time control is to avoid saturation of the 
detector CCD array i.e. maintaining the energy received by the detector below a 
certain maximum limit. 

Claims 23, 24, 26. The vial 26c in D2 contains reference fluorescent dye but no 
DNA for purpose of normalisation; D2 also discloses the technique in which, " the 
shutter is timed to expose the mixtures to the excitation light during the 
annealing/extension phase where maximum fluorescence generally can be 
exhibited" whereas the reference vial 26c is measured before the reaction. In D1 
where an internal reference is used the target DNA is first denatured by heating, 
then cooled to a temperature that allows annealing and extension and repeatedly 
cycled. It would therefore be obvious to the skilled person to measure the sample 
and reference fluorescences at points in the cycle where they respectively give 
their strongest signals 

The subject-matter of claims 2-15, 19-26; 28; 30 therefore also does not meet the 
requirement of inventive step (Art. 33.3). 

The subject-matter of claims 16-18 relating to the use of a plastic fluorescent strip 
as a reference and means for heating such are neither disclosed nor suggested 
by the cited documents of prior art so that these claims appear to meet the ' 
requirement of inventive step (Arts. 33.3 PCT). 
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1 . This written opinion is the first drawn up by this International Preliminary Examining Authority. 

2. This opinion contains indications relating to the following items: 
I 8 Basis of the opinion 



Lack of unity of invention 

Reasoned statement under Rule G6.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



3. The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may, before the expiration of that time limit, 
request this Authority to grant an extension, see Rule 66.2(d). 

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 

For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also- For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis. 
For an informal communication with the examiner, see Rule 66.6. 

If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 1 6/09/2000. 
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I. Basis of the opinion 

1 . This opinion has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office 
in response to an invitation under Article 14 are referred to in this opinion as "originally filed".): 

Description, pages: 

1-18 as originally filed 

Claims, No.: 

1 -30 as originally filed 

Drawings, sheets: 

1/7-7/7 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. This opinion has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 



V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) 
Inventive step (IS) 
Industrial applicability (IA) 

2. Citations and explanations 
see separate sheet 
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WITH RESPECT TO POINT V 

1 The following documents are referred to in this opinion 

D1 =US5736333; D2=EP0640828; D3=US579261 0; D4=WO9746707 

The present application relates to optical apparatus for monitoring polymerase 
chain reactions for replication of DNA held in vials of a thermal cycler block. The 
apparatus comprises arrangement of light sources, filters, detectors, beam 
splitters, and lenses in particular arrangements. 

2. PRELIMINARY 

In as much as any of the claims are directed to apparatus which does not contain 
features relating to signals representative of the DNA sample, such claimed 
apparatus is not limited by the form of the sample itself (DNA replication fluids) 
and prior art disclosing the same apparatus features for samples of a different 
type must still be considered relevant. 



3. INDEPENDENT CLAIM 1 

D1 (Figs. 1, 2) is considered to represent the closest prior art and to disclose all 
features of claim 1 except: 

i) means for focusing the emission beam onto the detector. 

In D1 the vials are sequentially focused via optical fibres and lenses onto a grating 
and then by reflection to a detector. 

Re i): D2 (Fig. 15) which lies in the same field as D1 discloses focusing of a 
sample array onto a CCD camera 16a' to permit parallel processing of the 
fluorescence signals - the output from individual reaction chambers is isolated by 
identifying respective pixel regions in the CCD array. The skilled person would 
modify the device of D1 from sequential detection of the vials to simultaneous 
detection in order to increase throughput and this would require merely 
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replacement of the optics used above the array of vials. 

Independent claim 1 therefore does not meet the requirement of inventive step 
(Art. 33. 3 PCT). 

4. INDEPENDENT CLAIM 27 

In view of the disclosure of D1 referred to in the discussion of claim 1 above, claim 
27 does not meet the requirement of novelty (Art. 33.2 PCT). 

5. INDEPENDENT CLAIM 29 

D2 EP0640828 (Fig. 15 ) is considered to represent the closest prior art. This 
document discloses the use, in a DNA PCR apparatus, of a plurality of filters - 
one for the excitation light mounted at an aperture in the housing and others 
arranged for interchangeable interception of the emission beams such as on a 
filter wheel coupled to a camera. In this way, different emission wavelengths and 
thus nucleic acid sequences in a given sample can be monitored and the 
presence of the target sequence can be determined. 

D2 therefore discloses all features of claim 29 except the integration of excitation 
filter, emission filter and beam splitter into a single module and the provision of a 
support frame into which this integrated module is inserted. 

D3 US5792610 (Fig. 1) which also lies in the field of apparatus for use in 
monitoring polymerase chain reactions states that :"two INTERCHANGEABLE 
filters were chosen one for use with Cy5, Cy5.5 (Oriel #58893; 740 nm cutoff) and 
one for use with Cy7 (Oriel 58895; 790 nm cutoff)." and that, "switching the filter 
sets in excitation and emission path as well as the dichroic mirror was done 
manually, but a computer-controlled electro-mechanical solution will allow 
automation of the procedure". The replacement of the filter wheel in D2 by an 
automatically interchangeable module comprising dichroic mirror, excitation and 
emission filters would therefore be an obvious modification to the skilled person. 
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Claim 29 therefore does not meet the requirement of inventive step (Art. 33.3 
PCT). 

6. DEPENDENT CLAIMS 2-26; 28; 30 

The additional features of the dependent claims listed below are evident from the 
prior art as indicated: 

Claims 2-3, 5-6, 11, 28, 30. D1, Fig. 2. 

Claim 4. D1 (Fig. 2 - vial lenses); D2 (Figs. 15, 6 - focusing of individual light 
beams onto detector array; parallel processing) 

Claim 7. The choice of Fresnel lenses which offer short focal lengths would be 
obvious in view of the requirement of compactness of the instrument. 

Claims 8;9, 10,14-15,19,22 , 25. D2 (Fig. 15 - focusing of individual light from 
beams from the vials onto a detector array); D1 discusses the use of internal 
fluorescent dyes and D2 the use of a control tube 26C with a fluorescence dye in 
the array of samples for compensating drift measurement. The use of a plurality of 
references from which the maximum intensity is selected, subject to avoidance of 
detector saturation, is the obvious way to ensure optimum accuracy of 
normalisation. 

Claim 12. See discussion of claim 29. 

Claim 13. D4 (Fig. 11) discloses an elliptical reflector with a Xenon source; 
alternative use of a Halogen in place of Xenon would be obvious as would the 
desirability of reflecting visible light whilst transmitting visible since only the former 
is useful as excitation light. 

Claims 20, 21 . D2 describes the use of a shutter to the light source to 
intermittently expose the reaction mixtures to the excitation light since otherwise 
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photo-deactivation ( "bleaching") of the sample can occur. Camera exposure 
control of the CCD array which must be thermoelectrically cooled is also 
disclosed. The purpose of the exposure time control is to avoid saturation of the 
detector CCD array i.e. maintaining the energy received by the detector below a 
certain maximum limit. 

Claims 23, 24, 26. The vial 26c in D2 contains reference fluorescent dye but no 
DNA for purpose of normalisation; D2 also discloses the technique in which, " the 
shutter is timed to expose the mixtures to the excitation light during the 
annealing/extension phase where maximum fluorescence generally can be 
exhibited" whereas the reference vial 26c is measured before the reaction. In D1 
where an internal reference is used the target DNA is first denatured by heating, 
then cooled to a temperature that allows annealing and extension and repeatedly 
cycled. It would therefore be obvious to the skilled person to measure the sample 
and reference fluorescences at points in the cycle where they respectively give 
their strongest signals 

The subject-matter of claims 2-15, 19-26; 28; 30 therefore also does not meet the 
requirement of inventive step (Art. 33.3). 

The subject-matter of claims 16-18 relating to the use of a plastic fluorescent strip 
as a reference and means for heating such are neither disclosed nor suggested 
by the cited documents of prior art so that these claims appear to meet the 
requirement of inventive step (Arts. 33.3 PCT). 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/US99/1 1 088 



I. Basis of the report 



1 This report has been drawn on the basis of (substitute sheets which have been furnished to the rece <^omcein 
' response to an invitation under Article 14 are referred to in this report as "origmalty f,te<f and are not annexed to 



response 

the report since they do not contain amendments.): 
Description, pages: 
1 _i s as originally filed 

Claims, No.: 

1 _3Q as originally filed 

Drawings, sheets: 

1/7-7/7 as originally filed 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



3. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 
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V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industria. 
applicability; citations and explanations supporting such statement 



1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes: Claims 1-26,28-30 

No: Claims 27 

Yes: Claims 16-18 

No: Claims 1-15,19-26,28-30 



Industrial applicability (IA) Yes: Claims 1-30 

No: Claims 



2. Citations and explanations 
see separate sheet 
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WITH RESPECT TO POINT V 

1 . The following documents are referred to in this report: 

D 1 =US5736333; D2=EP0640828; D3=US579261 0; D4=WO9746707 

The present application relates to optical apparatus for monitoring polymerase 
chain reactions for replication of DNA held in vials of a thermal cycler block. The 
apparatus comprises arrangement of light sources, filters, detectors, beam 
splitters, and lenses in particular arrangements. 

2. PRELIMINARY 

In as much as any of the claims are directed to apparatus which does not contain 
features relating to signals representative of the DNA sample, such claimed 
apparatus is not limited by the form of the sample itself (DNA replication fluids) 
and prior art disclosing the same apparatus features for samples of a different 
type must still be considered relevant. 



3. INDEPENDENT CLAIM 1 

D1 (Figs. 1, 2) is considered to represent the closest prior art and to disclose all 
features of claim 1 except: 

i) means for focusing the emission beam onto the detector. 

In D1 the vials are sequentially focused via optical fibres and lenses onto a grating 
and then by reflection to a detector. 

Re i): D2 (Fig. 15) which lies in the same field as D1 discloses focusing of a 
sample array onto a CCD camera 16a' to permit parallel processing of the 
fluorescence signals - the output from individual reaction chambers is isolated by 
identifying respective pixel regions in the CCD array. The skilled person would 
modify the device of D1 from sequential detection of the vials to simultaneous 
detection in order to increase throughput and this would require merely 
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replacement of the optics used above the array of vials. 

Independent claim 1 therefore does not meet the requirement of inventive step 
(Art. 33. 3 PCT). 

4. INDEPENDENT CLAIM 27 

In view of the disclosure of D1 referred to in the discussion of claim 1 above, claim 
27 does not meet the requirement of novelty (Art. 33.2 PCT). 

5. INDEPENDENT CLAIM 29 

D2 EP0640828 (Fig. 15 ) is considered to represent the closest prior art. This 
document discloses the use, in a DNA PCR apparatus, of a plurality of filters - 
one for the excitation light mounted at an aperture in the housing and others 
arranged for interchangeable interception of the emission beams such as on a 
filter wheel coupled to a camera. In this way, different emission wavelengths and 
thus nucleic acid sequences in a given sample can be monitored and the 
presence of the target sequence can be determined. 

D2 therefore discloses all features of claim 29 except the integration of excitation 
filter, emission filter and beam splitter into a single module and the provision of a 
support frame into which this integrated module is inserted. 

D3 US5792610 (Fig. 1) which also lies in the field of apparatus for use in 
monitoring polymerase chain reactions states that :"two INTERCHANGEABLE 
filters were chosen one for use with Cy5, Cy5.5 (Oriel #58893; 740 nm cutoff) and 
one for use with Cy7 (Oriel 58895; 790 nm cutoff)." and that, "switching the filter 
sets in excitation and emission path as well as the dichroic mirror was done 
manually, but a computer-controlled electro-mechanical solution will allow 
automation of the procedure". The replacement of the filter wheel in D2 by an 
automatically interchangeable module comprising dichroic mirror, excitation and 
emission filters would therefore be an obvious modification to the skilled person. 
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Claim 29 therefore does not meet the requirement of inventive step (Art. 33.3 
PCT). 

6. ■ DEPENDENT CLAIMS 2-26; 28; 30 

The additional features of the dependent claims listed below are evident from the 
prior art as indicated: 

Claims 2-3, 5-6, 11, 28, 30. D1, Fig. 2. 

Claim 4. D1 (Fig. 2 - vial lenses); D2 (Figs. 15, 6 - focusing of individual light 
beams onto detector array; parallel processing) 

Claim 7. The choice of Fresnel lenses which offer short focal lengths would be 
obvious in view of the requirement of compactness of the instrument. 

Claims 8;9, 10,14-15,19,22 , 25. D2 (Fig. 15 - focusing of individual light from 
beams from the vials onto a detector array); D1 discusses the use of internal 
fluorescent dyes and D2 the use of a control tube 26C with a fluorescence dye in 
the array of samples for compensating drift measurement. The use of a plurality of 
references from which the maximum intensity is selected, subject to avoidance of 
detector saturation, is the obvious way to ensure optimum accuracy of 
normalisation. 

Claim 12. See discussion of claim 29. 

Claim 13. D4 (Fig. 11) discloses an elliptical reflector with a Xenon source; 
alternative use of a Halogen in place of Xenon would be obvious as would the 
desirability of reflecting visible light whilst transmitting visible since only the former 
is useful as excitation light 

Claims 20, 21 . D2 describes the use of a shutter to the light source to 
intermittently expose the reaction mixtures to the excitation light since otherwise 
photo-deactivation ( "bleaching") of the sample can occur. Camera exposure 



Form PCT/Separate Sheet/409 (Sheet 3) {EPO-April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/US99/1 1 088 
EXAMINATION REPORT - SEPARATE SHEET 



control of the CCD array which must be thermoelectrically cooled is also 
disclosed. The purpose of the exposure time control is to avoid saturation of the 
detector CCD array i.e. maintaining the energy received by the detector below a 
certain maximum limit. 

Claims 23, 24, 26. The vial 26c in D2 contains reference fluorescent dye but no 
DNA for purpose of normalisation; D2 also discloses the technique in which, " the 
shutter is timed to expose the mixtures to the excitation light during the 
annealing/extension phase where maximum fluorescence generally can be 
exhibited" whereas the reference vial 26c is measured before the reaction. In D1 
where an internal reference is used the target DNA is first denatured by heating, 
then cooled to a temperature that allows annealing and extension and repeatedly 
cycled. It would therefore be obvious to the skilled person to measure the sample 
and reference fluorescences at points in the cycle where they respectively give 
their strongest signals 

The subject-matter of claims 2-15, 19-26; 28; 30 therefore also does not meet the 
requirement of inventive step (Art. 33.3). 

The subject-matter of claims 16-18 relating to the use of a plastic fluorescent strip 
as a reference and means for heating such are neither disclosed nor suggested 
by the cited documents of prior art so that these claims appear to meet the 
requirement of inventive step (Arts. 33.3 PCT). 
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(Artikel 36 und Regel 70 PCT) 



Aktenzeichen des Anmelders Oder Anwalts 
P 50055 V 


siehe Mitteilung uber die Ubersendung des internationalen 
WEITERES VORGEHEN voriaufigen Priifungsberichts (Formblatt PCT/IPEA/416) 


Internationales Aktenzeichen 
PCT/EP00/03420 


Internationales Anmeldedatum^TapyMonatOa/rr,) 
14/04/2000 


Prioritatsdatum (Tag/Monat/Tag) 
23/04/1999 



Internationale Patentklassifikation (IPK) Oder nationals Klassifikation und IPK 
B01 F9/00 



PCT 



Anmelder 

VASCULAR BIOTECH GMBH et al. 



1 . Dieser internationale vorlaufige Prufungsbericht wurde von der mit der internationalen voriaufigen Prufung beauftragten 
Be horde erstellt und wird dem Anmelder gemafB Artikel 36 ubermittelt. 



2. Dieser BERICHT umfaBt insgesamt 4 Blatter ernschlieBlich dieses Deckblatts. 

□ AuBerdem liegen dem Bericht ANLAGEN bei; dabei handelt es sich urn Blatter mit Beschreibungen, Anspruchen 
und/oder Zeichnungen, die geandert wurden und diesem Bericht zugrunde liegen, und/oder Blatter mit vor dieser 
Behorde vorgenommenen Berichtigungen (siehe Regel 70.16 und Abschnitt 607 der Verwaltungsrichtlinien zum PCT). 

Diese Anlagen umfassen insgesamt Blatter. 



3. Dieser Bericht enthalt Angaben zu folgenden Punkten: 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Grundlage des Berichts 
Prioritat 

Keine Erstellung eines Gutachtens uber Neuheit, erfinderische Tatigkeit und gewerbliche Anwendbarkeit 
Mangelnde Einheitlichkeit der Erfindung 

BegrOndete Feststellung nach Artikel 35{2) hinsichtlich der Neuheit, der erfinde rise hen Tatigkeit und der 
gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stutzung dieser Feststellung 

Bestimmte angefuhrte Unterlagen 

Bestimmte Mangel der internationalen Anmeldung 

Bestimmte Bemerkungen zur internationalen Anmeldung 



Datum der Einreichung des Antrags 



21/11/2000 



Datum der Fertigstellung dieses Berichts 
02.02.2001 



Name und Postanschrift der mit der internationalen voriaufigen 
Prufung beauftragten Behorde: 
Europaisches Patentamt 

D-80298 Munchen 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Bevollmachtigter Bediensteter 
Tiercet, M 

Tel. Nr. +49 89 2399 8977 



Formblatt PCWEA/409 (Deckblatt) (Januar 1994) 



INTERNATIONALER VORLAUFIGER 

PRUFUNGSBERICHT Internationales Aktenzeichen PCT/EP00/03420 



1. Grundlage des Berichts 

1 Dieser Bericht wurde erstellt auf der Grundlage {Ersatzblatter, die dem Anmeldeamt auf eine Aufforderung nach 
Artikel 14 hin vorgelegt wurden, gelten im Rahmen dieses Berichts als 'ursprunglich eingereicht" und sind ihm 
nicht beigefugt, weil sie keine Anderungen enthalten.): 
Beschreibung, Seiten: 

1-21 ursprungliche Fassung 

Patentanspriiche, Nr.: 

1 -24 ursprungliche Fassung 

Zeichnungen, Blatter: 

1/3-3/3 ursprungliche Fassung 



Hinsichtlich der Sprache: Alle vorstehend genannten Bestandteile standen der Behorde in der Sprache, in der 
die internationale Anmeldung eingereicht worden ist, zur Verfugung Oder wurden in dieser eingereicht, sofern 
unter diesem Punkt nichts anderes angegeben ist. 

Die Bestandteile standen der Behorde in der Sprache: zur Verfugung bzw. wurden in dieser Sprache 
eingereicht; dabei handelt es sich urn f 

□ die Sprache der Obersetzung, die fur die Zwecke der internationalen Recherche eingereicht worden ist (nach 
Regel 23.1(b)). 

□ die Veroffentlichungssprache der internationalen Anmeldung (nach Regel 48.3(b)). 

□ die Sprache der Obersetzung, die fur die Zwecke der internationalen vorlaufigen Prufung eingereicht worden 
ist (nach Regel 55.2 und/oder 55.3). 

Hinsichtlich der in der internationalen Anmeldung offenbarten Nucleotid- und/oder Aminosauresequenz ist die 
internationale vorlaufige Prufung auf der Grundlage des Sequenzprotokolls durchgefuhrt worden, das: 

□ in der internationalen Anmeldung in schriftlicher Form enthalten ist. 

□ zusammen mit der internationalen Anmeldung in computerlesbarer Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in schriftlicher Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in computerlesbarer Form eingereicht worden ist. 

□ Die Erklarung, daB das nachtraglich eingereichte schriftliche Sequenzprotokoll nicht uber den 
Offenbarungsgehalt der internationalen Anmeldung im Anmeldezeitpunkt hinausgeht, wurde vorgelegt. 

□ Die Erklarung, daB die in computerlesbarer Form erfassten Informationen dem schriftlichen 
Sequenzprotokoll entsprechen, wurde vorgelegt. 

4. Aufgrund der Anderungen sind folgende Unterlagen fortgefallen: 
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□ Beschreibung, Seiten: 

□ Anspruche, Nr.: 

□ Zeichnungen, Blatt: 

5 n Dieser Bericht ist ohne Berucksichtigung (von einigen) der Anderungen erstellt worden, da diese aus den 
angegebenen Grunden nach Auffassung der Behorde Qber den Offenbarungsgehalt in der ursprunglich 
eingereichten Fassung hinausgehen (Regel 70.2(c)). 

(Auf Ersatzblatter, die solche Anderungen enthalten, ist unter Punkt 1 hinzuweisen;sie sind diesem Bericht 
beizufugen). 

6. Etwaige zusatzliche Bemerkungen: 

V Begriindete FeststeMung nach Artikel 35(2) hinsichtlich der Neuheit, der erf inderischen Tatigkeit und der 
" gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stiitzung dieser FeststeMung 



1. Feststellung 
Neuheit (N) 

Erfinderische Tatigkeit (ET) 



Ja: Anspruche 1 -24 
Nein: Anspruche 

Ja: Anspruche 1-24 
Nein: Anspruche 

Gewerbliche Anwendbarkeit (GA) Ja: Anspruche 1-24 

Nein: Anspruche 



2. Unterlagen und Erklarungen 
siehe Beiblatt 
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INTERNATIONALER VORLAUFIGER Internationales Aktenzeichen PCT/E POO/03420 
PRUFUNGSBERICHT - BEIBLATT 

Gegenuber dem nachstliegenden Stand der Technik, dem Dokument WO-A- 
9301843, das ein System nach Anspruch 1 beschreibt, das aus einem mit 
Endkappen, Klemmdichtungen und Kanulen versehenen Rohr besteht, weist 
Anspruch 1 die neuen Merkmale auf, daB das Innerohr Locher aufweist, durch die 
ein Kulturmedium einfullbar ist, und daB die Gasversorgung des 
Rohrzwischenraums durch eine urn das Innerohr gefuhrte gasdurchlassige 
Leitung erfolgt. Die neuen Merkmale erlauben Sterilitat ohne Inanspruchnahme 
von Reinst-Raumen bei Beschichtungen von Spenderblutgefassen. Keines der im 
Recherchenbericht zitierten Dokumente vermag die neuen Merkmale 
nahezulegen, so daB Anspruch 1 als nicht offensichtliche Alternative die 
Bedingungen von Artikel 33(2)und 33(3) PCT erfullt. Das gleiche gilt fur den 
ruckbezogenen Verfahrensanspruch 24. Die gewerbliche Anwendbarkeit erscheint 
offensichtlich. 
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PCT 

DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that (he international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 
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Name and address: ( Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name ofcoumrv.j 

YOUNG, Eugene F. 

802 Balboa Lane 

Foster City, California 94404 

United States of America 



State (i.e. country) of nationality: 


State (i.e. country) of residence: 


US 


US 



Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 



LAKATOS, Edward J. 
56 Ridgedale Road 
Bethel, Connecticut 06801 
United States of America 



State (i.e. country) of nationality: 


State (i.e. country) of residence: 


US 


US 



Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 



CERRONE, Anthony L. 
51 Kneeland Road 
New Haven, Connecticut 
United States of America 



State (i.e. country) of nationality: 


State (i.e. country) of residence: 


US 


US 



Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 



State (i.e. country) of nationality: 



State (i.e. country) of residence: 



I I Further applicants are indicated on another continuation sheet. 



Form PCT/IPEA7401 (continuation sheet) (July 1998; reprint January 1999) 



See Notes to the demand form 



• 



Sheet No. . . . 



International application No. 
PCT/US99/11088 



Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is |X [ agent | | common representative 

and | X 1 has been appointed earlier and represents the applicant(s) also for international preliminary examination. 

| j is hereby appointed and any earlier appointment of (an) agen(($)/common representative is hereby revoked. 

j 1 is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition to 
the agent(s)/common representative appointed earlier. 



Name and address: (Family name followed by given name: for a legal entity, full official designation. 
The address must include postal code and name of country. J 

AKER, David 

Perman & Green, LLP 

425 Post Road 

Fairfield, Connecticut 06430-6232 
United States of America 



Telephone No.: 
203-259-1800 



Facsimile No.: 
203-255-5170 



Teleprinter No.: 



□ 



Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent. 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

I. The applicant wishes the international preliminary examination to start on the basis of: 
I X | the international application as originally filed 
the description | X I as originally filed 

I I as amended under Article 34 

the claims 



<X | as originally filed 
| | as amended under Article 19 (together with any accompanying statement) 
| | as amended under Article 34 

the drawings | * | as originally filed 

| | as amended under Article 34 

2. 1 | The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3. | | The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 

from the priority date unless the International Preliminary ^Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired.) 

• Where no check-box is marked, international preliminary examination will start on the basis of the intemaiional application 
as originally filed or, where a copy of amendments tolhe claims under Article 19 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amended. 



Language for the purposes of international preliminary examination: ....'j".?., 1 .?.?." 

| xl which is the language in which the international application was filed. 

I 1 which is the language of a translation furnished for the purposes of international search. 

| | which is the language of publication of the international application. 

| | which is the language of the translation (to be) furnished for the purposes of international preliminary examination. 



Box No.V ELECTION OF STATES 



The applicant hereby elects all eligible States (that is, all States which have been designated and which are bound by Chapter II of 
the PCT) 

excluding the following States which the applicant wishes not to elect: 



Form PCT/IPEA/401 (second sheet) (July 1998) 



See Notes to the demand form 
t 




Sheet No. ... 



International application No. 
PCT/US99/11088 



Box No. VI CHECK LIST 


The demand is accompanied by the following elements, in the language referred to in 
Box No. I\\ for the purposes of international preliminary examination: 


For International Preliminary 
Examining Authority use only 

received not received 


1. translation of international application 


sheets 


□ 


□ 


2. amendments under Article 34 


sheets 


□ 


□ 


3. copy (or, where required, translation) of 
amendments under Article 19 


sheets* 


□ 


□ 


4 codv (or where required, translation) of 

statement under Article 19 : 


sheets 


□ 


□ 


5. letter Request for Change in 1 

Correspondence Address 

6. other (specify) Copy of Power of Attorney: 3 


sheets 
sheets 


□ 
□ 


□ 
□ 


The demand is also accompanied by the item(s) marked below: 








I. | X| fee calculation sheet 


4. | | statement explaining lack of signature 




2, | | separate signed power of attorney 


5. | 1 nucleotide and or amino acid sequence listing in 
computer readable form 


3, | | copy of general power or attorney; 

* — ' reference number, if any: I 


6. | | other (specify): 




Box No. Vll SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 


Next toeoch signature, indicate the name ofthepersonsignmgandthe capacityin 


which the penonsigns (if. 


ivchcapacityis notobviousfrom 


reading the demand). 






(Agent) 




David Aker 









For International Preliminary Examining Authority use only 



1. Date of actual receipt of DEMAND: 



2. Adjusted dale of receipt of demand due 
to CORRECTIONS under Rule 60. 1(b): 



□ The date of receipt of the demand is AFTER the expiration of 1 9 months I I 
from the priority dale and item 4 or 5, below, does not apply. ' ' 



The applicant has been 
informed accordingly. 



□ The date of receipt of the demand is WITHIN the period of 19 months from the priority dale as extended by virtue or 
Rule 80.5. 



5 LZ] ^" hOUgh lhC d3tC of rcccip! of ,hc dcmand is afler * hcex P' ration of 19 months rrom the priority date, the delay in arrival 



; EXCUSED pursuant to Rule 82. 



For International Dureau use only 



Demand received from 1PEA on: 



Form PCT/I PEA/40 1 (last sheet) (July 1998) 



See Notes to the-demand form 



PCT 



CHAPTER II 



International 
application No. 


PCT/US99/11088 


Applicant's or agent's 
tile reference 


PCT 1 108-03 1/ld 



FEE CALCULATION SHEET 
Annex to the Demand for international preliminary examination 

For International Preliminary Examining Authority use only 



Date stamp of the I PEA 



THEPERKIN-ELMER CORPORATION 



Calculation of prescribed fees 



1 . Preliminary examination fee . 



Handling fee (Applicants from certain States are 
entitled to a reduction of 7 5% of the handling fee. 
Where the applicant is (or all applicants are) so en- 
titled, the amount to be entered at H is 25% of the 
handling fee.) 



EUR 1.533,00 PH 



| EUR 148,00 1"""] 



Total of prescribed fees 

Add the amounts entered at P and H 

and enter total in the TOTAL box 



EUR 1.681,00 



TOTAL 



Mode of Payment 
IS 

□ 
□ 
□ 



authorization to charge deposit 
account with the IPEA (see below) □ 



cheque 

postal money order 
bank draft 



□ 
□ 
□ 



cash 

revenue stamps 
coupons 
'other (specify): 



Deposit Account Authorization (this mode of payment may not be available at all IPEAs) 

The IPEA /EP EI ^ hereby authorized to charge the total fees indicated above to my deposit account. 

g] (this check-box mav be marked only if the conditions for deposit accounts of the IPEA so P ennu)is hereby 
authorized to charge any def.ciency or credit any overpayment in the total fees md.cated above to 
my deposit account. 



28 00 04 37 15.12.99 

Deposit Account Number Date (dav/month/year) 

Form PCT/IPEA/401 (Annex) (July 1998; reprint January 1999) 



Dr. rer. nat. A. Pfau 

Signature 

— See Notes to the fee calculation sheet 



The demand must be ftleddirecttywith the cd^^^ulnternahonalPrelimhtaryExaminingA uthoritj^^Jwo or more Author itiesare competent, 
with the one chosen by the applicant. The\^^Mnte or two-letter code of that Authority may be itu^mted by the applicant on the line below: 

IPEA/_I_ 



int^cnted 



PCT 

DEMAND 

under Article 31 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



CHAPTER II 



Identification of I PEA 



For litlernalional Preliminary Examining Authority use only 

Dale of receipt of DEMAND 



Dox No. 1 IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file leference 
715-009111W0 


International application No, 
PCT/US99/ 11088 


International filing date (day/monttt/year) 

17 May 1999 

(17.05.99) 


(Earliest) Priority dale (day/montlt/year) 
16 May 1998 

(16.05.98) 


Title of invention 

INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF DNA 



Dox No. II APPLICANT(S) 



Name and address: (Famlh'namvfolh^dbyghvnname:foralegalentity.f$Uoffictaldesignation. 
Tlie addressmust include pot tat code and name of country;) 

The Perkln-Elmer Corporation i 
761 Main Avenue 

Norwalk, Connecticut 06859-0199 
United States of America 



Telephone No.: 
203-761-5123 



Facsimile No.: 
203-761-2888 



Teteptinlci No.: 



Stale (thai is. country) of nationality : 



US 



Stale (that is. country) of residence: y ^ 



Name and address: (FamilyrkifnefoUoHvdbyghvnname;foraUgatentlr}*Jullojfficlaldesignailen. The addt ess must include postalcode and name of country.) 



Stale (that is, country of nationality: 



Stale (that is. country) of residence: 



Name and address: (Fomilynimefollourdb)gheriname;foratega!entityjtit!o^lclaldfsignatian. The addnt tsmust include postaltodeandname oj country.) 



Stale (that is, country) of nationality; 



Stale (that is. country) of icside nee: 



| | Further applicants are indicated on a continuaiion sheet. 



l : oim PCT/ll'EA/401 (first sheet) (July 1998) 



See Notes to the df^nnd form 



i 



Si 



ShcciNo. ... * 



International application No. 
PCT/US99/11088 



Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is |X | agent | | common representative 

has been appointed earlier and represents the applicant(s) also for international preliminary examination. 

□ 

is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked. 

I I 'J hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition 
the egenl(s)/common representative appointed earlier. 



to 



N ame an d ad dre SS : (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country.) 

AKER, David 

Perman & Green, LLP 

425 Post Road 

Fairfield, Connecticut 06430-6232 
United States of America 



Telephone No.: 
203-259-1800 



Facsimile No.: 
203-255-5170 



Teleprinter No.: 



| I Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
<— — I space above is used instead to indicate a special address to which correspondence should be sent. 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

The applicant wishes the international preliminary examination to start on the basis of: 

EI 

the international application as originally Tiled 
the description [T] as originally filed ' 
as amended under Article 34 



the claims 



the drawings 



□ 

ED 
□ 
□ 

□ 



as originally filed 

as amended under Article 19 (together with any accompanying statement) 
as amended under Article 34 

as originally filed 

as amended under Article 34 



The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

I I Thc applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 
from the priority date unless the International preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired.) 
Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments tolhe claims under Article 1 9 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amended. 



Language for the purposes of international preliminary examination: tngi isn 

LU 

which is the language in which the international application was filed. 

□ 

which is the language of a translation furnished for the purposes of international search 

□ 

which is the language of publication of thc international application. 
□ which is the language of the translation (to be) furnished for the purposes of international preliminary examination. 



Box No.V ELECTION OF STATES 



The applicant hereby elects all eligible Slates (that is, all States which have been designated and which are bound by Chapter II of 
the PCTJ J 

excluding the following Slates which the applicant wishes not to elect: 



Form PCT/IPEA/401 (second sheet) (July 1998) 



See Notes to the demand form 
i 



PCT 



POWER OF ATTORNEY 



• 



(for an international application fiU'U under the Patent Cooperation Trvaty) 
(PCT Rule 90.4) 



The undersigned applicani(s) (Xames should be imIUaicdas they appear in the ttqvai\: 



The Perkin-Elmer Corporation 
761 Main Avenue 



Norwalk, Connecticut 06859-0199 
United States of America 



hereby appoints (appoint) the following p«rson is: 



XXI a S*n< 



[ | common represents live 



Name sad address 

(Family turn r followed by ghtn Heme: ftreltgd awry, full c filial daiputiom. The address mm* include postal cede end name afctmnMj.) 

AKER, David 

GREEN, Clarence A. 
HARRINGTON, Mark A. 
PERMAN & GREEN, LLP 
425 Post Road 

Fairfield, Connecticut 06430 
United States of America 
to represent the undersigned before KXj »H ,ne competent International Authorities 



| | the International Searching Authority only 
| | the International Preliminary Examining Authority only 

in connection with the international application identified below: 

Till* of the la veti tioo: INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION OF DNA 



Applicant's onset's file re f err nee: 71 5-0091 11-W0 
Ictmational application number (ir already available): PCT/US99/11088 
US 



filed with the following Office 
and to make or receive payments on behalf of the undersigned. 



aa receiving Office 



Signature of the applies a t(s) (wkot that ore several epfJitantx each ofAarn must sign; ks to each sipmtm. imdkase A* mam* c(&4 persomtipunf t 

tkt capacity » *Akk it* person if ruth tapedty a mat ebvitms pern reading the teaman or Ait pmmw): 



J signature) 
Jname typed) 
J title) 



Date: 



Form PCT/Model of power of attorney (for a given international application) (July 1«°2) 

(Form PCT/Model of Power of Attorney [13-3.2]) 



* 



Shccl No. ...» 



International application No. 
PCT/US99/11088 



Boi No. VI CHECK LIST 



The demand is accompanied by Ihe following elements, in the language referred to in 
Box No. IV, for the purposes of international preliminary examination: 



1 . translation of international application 

2. amendments under Article 34 

3. copy (or, where required, translation) of 
amendments under Article 19 

4. copy (or, where required; translation) of 
statement under Article 19 

5. letter Request for Change In 

Correspondence Address 

6. other (specify) Copy of Power of Attorney 



sheets 
sheets 

> sheety 

sheets 
sheets 
sheets 



For International Preliminary 
Examining Authority use only 



received 

□ 
□ 

□ 

□ 
□ 
□ 



not received 

□ 
□ 

□ 

□ 
□ 



The demand is also accompanied by Ihe item(s) marked below: 
1 CD 

1 fee calculation sheet 

2. [ | separate signed power of attorney 

3- I | copy of general power of attorney; 
reference number, if any: 



4. | | statement explaining lack of signature 

5. I | nucleotide and 
computer readt 

l 6. | | other (specify): 



5- I I nucleotide and or amino acid sequence listing in 
computer readable form 



Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



^"^otachsignantrejndicatethenomeo/thtpersoniignmgandthecapac 



(Agent) 



David Aker 



For International Preliminary Examining Authority use only 



I . Dale of actual receipt of DEMAND: 



2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b): 



3. | | The date of receipt of the demand is AFTER the expiration of 19 months | — i 
1—1 from the priority dale and item 4 or 5, below,, does not apply. I I 



The applicant has been 
informed accordingly. 



A ' LZ1 RuteSoV' rCCC ' Pl ° r dcmaml ' S WITII,N lhc P criod ° r "9 months from the priority dale as extended by virtue of 



5 - I I ^ , i l !?S!L the da,c of,ccci P l of ,hc demand is after the expiration of 19 months from Ihe priority dale, ihe delay in arrival 
1 ' Is EXCUSED pursuant to Rule 82. 



For International Dureau use only 



Demand received from IPEA on: 



Form PCT/IPEA/401 (last sheet) (July 1998) 



See Notes to the'dtmand/orm 
1 



From the RECEIVING O 



ATENT COOPERATION TR 



To: 



DAVID AKER 

THE PERKIN-ELMER CORPORATION 
761 MAIN AVENUE 
NORWALK CT 06859-0199 



PCT 



NOTIFICATION CONCERNING PAYMENT 
OF PRESCRIBED FEES 

(PCT Rules 14, 15 and 16 and Administrative 
Instructions, Sections 304(a) and (b) and 323(b)) 



Date of mailing 
(day/month/year) 



2UUN 1999 



Applicant's or agent's file reference 
BT-4584/PCT 


PAYMENT DUE 

See item 3 for time limits 


International application No. 

PCT/US99/11088 


International filing date/Date of receipt 
(day/month/year) ^ ^ gg 


Priority date (day/month/year) 
16 MAY 98 


Applicant pERKIN . ELMER CORPORATION 



1. The/ applicant is hereby notified that this receiving Office has received: 

\\J\ the payment of all the prescribed fees, and | | an overpayment, which will be refunded in due course. 

□ do or insufficient payment of the prescribed fees and the applicant is hereby invited to pay the balance due, as 
summarized under item 2, within the time limit (s) indicated under item 3. 

2. Fees and payment calculation: 



Balance 



Total fees payable Amount paid 

| | The details of the calculation are given in the Annex. 

3. Time timh(s) Cor payment and amounts) payable (Rules 14.1, 15.4 and 16.1(f)): 

□ within ONE MONTH from the date of receipt of the international application (for the transmittal fee (if any), the 
search fee, the basic fee and the designation fee). The amount payable for each fee is the amount applicable on the date 
- — of receipt of the international application. 

□ within ONE YEAR from the priority date (only for the designation fee and only if this time limit expires later than the 
above time limit). 

—If the designation fee is paid within one month from the date of receipt of the international application, :he amount 
payable is the amount applicable on that date of receipt. 

—If the designation fee is paid within one year from the priority date but later than one month from the date of receipt 
of the international application, the amount payable is the amount applicable on the date of payment. The receiving 
Office should be consulted for the applicable amount. 

□ within 16 MONTHS from the priority date (only for the fee for priority document). The applicant's attention is drawn 
to the fact that the request made by the applicant under Rule 17.1(b) will be considered not to have been made unless 
the fee is paid within that time limit. 



4. Additional observations (if necessary): * 

□ The search copy will not be transmitted to the International Searching Authority until the search fee is paid (therefore 
the start of the international search will be delayed)(Rule 23.1(a) ano(b)). 



L_ . =3^, 


Name and mailing address of the receiving Office 
Assistant Commissioner for Patents 
Box PCT 

Washington, D.C. 20231 Attn: RO/US 
Facsimile No. 


Authorized officer JM^ \J ^ 

Georgettes C 5 C< 

PCT INTERNATIONAL SERVICES CiVfSitBi.- ^ F- 
Telephone No. : 

1 1-% C- 



ATENT COOPERATION TR 



From the RECEIVING OFFICE^ 



To: 



DAVID AKER 

THE PERKIN-ELMER CORPORATION 
761 MAIN AVENUE 
NORWALK CT 06859-0199 



PCT 



NOTIFICATION OF THE INTERNATIONAL 
APPLICATION NUMBER AND OF THE 
INTERNATIONAL FILING DATE 

(PCT Rule 20.5(c)) 





Date of mailing 21 JUNTO 
(day/monihfyear) 


Applicant's or agent's file reference 
BT-4584/PCT 


IMPORTANT NOTIFICATION 


International application No. 

PCT/US99/11088 


International filing date (day/monthfyear) 
17 MAY 99 


Priority date (day/month/year) 
16 MAY 98 


Applicant the PERKIN-ELMER 


CORPORATION 


Title of the invention INSTRUMENT FOR MONITORING POLYMERASE CHAIN 
REACTION OF DNA 



1. The applicant b hereby notified thai the international application has been accorded the international application number and 

the international filing date indicated above. 



2. The applicant is further notified that the record copy of the international application: 



21JUN 1999 



was transmitted to the International Bureau on _ 

r-l has not yet been transmitted to the International Bureau for the reason indicated below and a copy of this 
I— J notification has been sent to the International Bureau*: 

r~ | because the necessary national security clearance has not yet been obtained. 

| | because (reason to be specified): 



H«, International Bureau monitors the transmittal of the record copy by the receiving Office and wUl notuy •W**" 
^X^V^Z%01) of its receipt. Should the record copy no. have beenrecerved by the exptrauon of 14 months from 
the priority date, the International Bureau will notify the applicant (Rule 22.1(c)). 



Completed by: yil 



3. FOREIGN TRANSMITTAL LICENSE INFORMATION 

I— I Additional license for foreign transmittal not required. This subject matter is covered by a license .already 
□ £2££ ™u^lent JS. national application. Refer to that license for information concerning its scope. 
r-| License for foreign transmittal not required. 37 CFR 5.11(e)(1) or 37 CFR 5.11(e)(2). However, a license mny 
L-J / be required for additional subject matter. See 37 CFR 5.15(b). ^ qQ 

^ Forei^ transmittal license granted. 35 U.S.C. 184; 37 CFR 5.11 on ^ * ' 1 

37 CFR 5.15(a) 37 CFR 5.15(b) 



Name and mailing address of the receiving Office 
Assistant Commissioner for Patents 

W^htegton, D.C 20231 Attn: RO/US 

Facsimile No. . 



Authorized officer^ 

Ceornette Hill 

PCT INTERNATIONAL SERVICES DIVISION 
Telephone No.^ff Z'&OS ^ ?7<4U) 



Form PCT/RO/105 (July 1992) 



From the RECEIVING OFFICE 



1 



ATENT COOPERATION TR 



To: 

DAVID AKER 

THE PERKIN-ELMER CORPORATION 
761 MAIN AVENUE 
NORWALK CT 06859-0199 


PCT 

INVITATION TO CORRECT DEFECTS IN 
THE INTERNATIONAL APPLICATION 

(rLi Articles o(4j(ij ana ana rcute zo) 


£&2£% 21JUN1999 


Applicant's or agent's file reference 
BT-4584/PCT 


REPLY DUE wjthin ONE MONTH from 
the above date of mailing 


International application No. 

PCT/US99/11088 


International filing date 
(day/month/year) 

17 MAY 99 


Applicant 

THE PERKIN-ELMER CORPORATION 



2-D 



The applicant is hereby invited, within the time limit indicated above, to correct, in the international application as filed, the 
defects specified on the attached 

-frf Annex A 

r> Annex Bl (text matter of the international application as filed) 
T^O Annex CI (drawings of the international application as filed) 

The applicant is hereby invited, within the time limit indicated above, to correct, in the translation of the international 
application furnished under Rule 12.3, the defects specified on the attached 

□'Annex A 

n Annex B2 (text matter of the translation of the international application) 
[~] Annex C2 (drawings of the translation of the international application) 



Additional observations (if necessary): 



HOW TO CORRECT THE DEFECTS? 

Correction must be submitted by filing a replacement sheet embodying the correction and a letter accompanying the replacement sheet, 
which shall draw attention to the difference between the replaced sheet and the replacement sheet A correction may be stated in a letter 
only if it is of such a nature that it can be transferred from the letter to the record copy without adversely affecting the clarity and direct 
reproducibility of the sheet onto which the correction is to be transferred (Rule 26.4). 

ATTENTION 

Failure to correct the defects will result in the international application being considered withdrawn by this receiving Office (see 
Rule 265 for further details). 



A copy of this invitation and any attachments has been sent to the International Bureau 
jtf) ahd the International Searching Authority. 





Name and mailing address of the receiving Office 
Assistant Commissioner for Patents 
. Box PCT . . 

Washington, D.C 20231 Attn: RO/US 
Facsimile No. 


Authorized officer If U t 

rC/i iuTti-.KATiOu'RL SERVICES DMSION 
Telephone No. 



Form PCT/RO/106 (Jury 1998) 



ANNEX A TO FORM PCDRO/IW 



Inte nti o nal application No. 
PCT/USg?///^ 



The receiving Office has found tbc foaowing d efects to tbc International appGcadon: 

1. As to afcnatucc* of |bc international appGcatloa (Rules 4.15 and 90.-4), tbc request; 

a. | | bnotslgned. 

b. P3y b not signed by an the appGcanis. 

c. I — | b not accompanied by tbc statement referred to in the cbecfc Est in Box No. VIII of l be request explaining the lack 
I — I of the signature of an applicant for the designation of the United Stales of America. 

d. j j i$ signed by what appears to be an agent/common representative but 

| j the international application b not accompanied by a power of attorney appointing him. 
Q the power of attorney accompanying the international application was not signed by all the applicants. 
c| [-other (specify): 



'AH applicant* must sign. Including inventors if they arc abo applicants (e^. where tbc United States of America is designate 



2. As to indications concerning the applicant, the request (Rules 4.4 and ASp 

a. | | <k>cs wx property indicate the appucaort name (jpec^ 

b. | | does not indicate the applicant's address. 

c Q does not property indicate the applicant's address (specify): 

<L[~^] does not Indicate the applicant* nationality. 
c| | o\>es oot indicate the applicants residence, 
L(~j other (specify): 



3. As to the language of some parts of the international application (Rule 12.1): 
a. Q the request cs not in (one of), the admitted languages) which b (are): 



b.[~| the text matter of the drawings is not ia (one of) the admitted languages) which b (are): 
c the abstract b not in (one of) the admitted language^) which b (are): 



4. The title of the invention: 

a. QJ* blaot Indicated to Box No, 1 of the request (Rule 4.1(a)). 

b, f""|- b not Indicated at the topof tbc SUst sheet of the deacrtptloo (Rule 5.1(a)). 

c Q «j appearing to Box No. 1 of the request b not Identical with the title heading the description (Rule 5.1(a)}- 



S. As to tte abstract (Role 6): 

[~\ «hctacre«loori«ffpflc»aoa4lre 

KH7RO/106 (Annex A) (I«n> 1^92) 



ANNEX 9mp FORM PCT/RO/106 



: 4fifro FOR] 

und^Hrwilh rcgaj 



The receiving Office has foundWwith regard ,o the presentation of the drivings of the International appilcatle n ., ~ 
phys.cal requirements are not compl.ed with to the extent that compliance therewith is necessary for * pp " c,t,on « "led. the 

reasonally uniform international publication (Rules I I and 26.3(aX0) (defects to be specified) 

Sheets containing drawings: 

the sheets do not admit of direct reproduction, 
the sheets are not free from creases, cracks, folds, 
one side of the sheets is not left unused. 

ihc paper of the sheets is not flexiblc/strong/whitc/smoouVnon-shiny/durablc. 
the drawings do not commence on a new sheet, 
the sheets are not connected as prescribed (Rule 1 1 .4(b)). 

g- | | the sheets arc not A4 size (29. 7cm x 2 1 cm). 

h. I I the minimum margins on the sheets are not as prescribed 

(top: 2.5cm; leftside: 2.5cm; right side: 1.5cm; bottom: Icm). 

L^tfltoS? o7lhe b S hee? s Ca,ed 0 " ^ ""^ n °' " Ppear "* ,eft - hand comer ° f * e *«* within 
the file reference number exceeds the maximum of 12 characters, 
the sheets are not free from frames around usable or used surfacts. 
the sheets arc not numbered in consecutive Arabic numerals fc . c tnonin) /\i_L 
the sheet numbers are not centered at the top or bottom of the sheets, 
the sheet numbers are in the margin (see h. above for the size of the margins), 
the sheets contain altcrations/overwriungs/mt^ many erasures, 

the sheets contain photocopy marks, ~p~/ £ / / 

Drawing! (Rule 11.13): 

do not admit of direct reproduction, 
b. CI contain unnecessary text matter. 

c ZL contain words so placed as to prevent translation without mterfcrence with lines thereof. 

are not executed mdiirable black color, . /~^ ? /?^ 




e. ' ^2 contain cross-sections not properly hatched. 
f * GD would not be properly distinguishable in reduced reproduction. 



I 

J. 
k, 
L 

m. 

n. 

o. 
P. 

q- 

r. 

s. 
t 
u. 



u contain scales not represented graphically. 
2 contain numbers, letters and reference lines lacking simplicity and clarity. 7-//. / 9 £- 



□ 



contain lines drafted without the aid of drafting uistruments. / / / 

contain disproportionate elements of a figure not necessary for clarity, 
contain numbers and letters of height less than 032 cm. 

contain letters not conforming to the Latin, and where customary, Greek alphabets. 
wiS^mc^ 

contain figures which are not properly arranged and clearly separated, 
contain different figures not numbered in consecutive Arabic numerals, 
contain different figures not numbered independent of the numbering of the sheets, 
arc not restricted to reference signs mentioned in the description, 
do not contain reference signs that are mentioned in the description, 
contain the same feature denoted by different reference signs, 
are not arranged in an upright position, clearly separated from one another, 
are not presented sideways with the top of the figures at the left side of the sheets. 



2. □ satisfactory reproduction (Rules 11 and 26.3(bK0)- 



Further observations (if neccesary): 




TENT COOPERATION T 



From the RECEIVING OFFICE 



To: 

DAVID AKER 

THE PERKIN-ELMER CORPORATION 

761 MAIN AVENUE ~ — 

NORWALK, CT 06859 0199_ £^ssv£2> 

\ AUG 1 6 1999 


PCT 

-i COMMUNICATION REGARDING 
\ EXTENSION OF TIME LIMIT 

\ (PCT Rule 26.2) 

\ 


Q 


Da^e of mailing _ . - 
Jddy/month/year) (\Q A P5 1QQQ 


Applicant's or agent's file reference yjj^ S 
BT-4584/PCT VOO 


IMPORTANT COMMUNICATION 


International application No. 

PCT/US99/11088 


International filing date 
( day/month/year) 

17 MAY 99 


Applicant 

THE PERKIN-ELMER CORPORATION 







fsTI the Invitation to Correct Defects (PCT/RO/106) 
| | (other) 



, the time limit for replying to 



has been extended as follows: 

extension of I months/days from 2 I J LA i [ 4 9 <j 



0 extension until p\ A..t^ 

2. Q No extension of the time limit is granted and the time limit remains as previously set. 



Name and mailing address of the receiving Office 
Assistant Commissioner for Patent 
Box PCT 

Washington, D.C. 20231 Atin:RO/US 
Facsimile No. 703-305-3230 



Form PCT/RO/138 (July 1992) 



Authorized officer 



Telephone No. 703^ \ 1 I £, S' 



V^j^TENT COOPERATION TREA 



From the , 
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 



AKER, David 
PERMAN & GREEN, LLP 
425 Post Road 
Fairfield 

Connecticut 06430-6232 
ETATS-UNIS D 1 AMERIQUE 



JAN 2 1 2000 
German and green llp 




NUI IFI C A TION OF RECEIPT 
OF DEMAND BY COMPETENT INTERNATIONAL 
PRELIMINARY EXAMINING AUTHORITY 

(PCT Rules 59.3(e) and 61.1(b), first sentence 
and Administrative Instructions, Section 601(a)) 



Date of mailing 
( dayfmon th (year ) 



1 8. 01. 00 



Applicant's or agent's file reference 
715-009111WO 



IMPORTANT NOTIFICATION 



International application No. 
PCT/ US 99/ 11088 



International filing date ( day f month/year) 
17/05/1999 



Priority date ( day f month /year) 
16/05/1998 



Applicant 

THE PERKIN-EIMER CORPORATION et al. 



The applicant is hereby notified that this International Preliminary Examining Authority considers the following date as the 
date of receipt of the demand for international preliminary examination of the international application: 

15/12/1999 ____ 



2. 



This date of receipt is: 

the actual date of receipt of the demand by this Authority (Rule 61.1(b)). 

| | the actual dale of receipt of the demand on behalf of this Authority (Rule 59.3(e)). 

| [ the date on which this Authority has, in response to the invitation to correct defects in the demand 
— (Form PCT/I PEA/404), received the required corrections. 



□ 



ATTENTION: That date of receipt is AFTER the expiration of 19 months from the priority date. Consequently, the 
election(s) made in the demand does (do) not have the effect of postponing the entry into the national phase until 30 
months from the priority dale (or later in some Offices) (Article 39(1)). Therefore, the acts for entry into the national 
phase must be performed within 20 months from the priority date (or later in some Offices) (Article 22). For details, see 
the PCT Applicant's GuWe.Volume II. 



□ 



( If applicable) This notification confirms the information given by telephone, facsimile transmission or in person 
on: 



4. Only where paragraph 3 applies, a copy of this notification has been sent to the International Bureau. 




Name and mailing address of the I PEA/ 



' European Patent Office 
Mill D -8029 8 Munich 

QjJJ Tel. ( + 49-89) 2399-0, Tx: 523656 epmu d 
. Fax: ( + 49-89) 2399-4465 




Form PCT/ 1 PEA/402 (July 1998) P20452 



(13/01/2000) 



Authorized officer 

COMTE C S J 

Tel. ( + 49-89) 2399-8598 



PCT 

REQUEST 

The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 


International Application No. 


International Filing Date 


Name of receiving Office and "PCT International Applicadon" 




Applicant's or agent's file reference 
Of desired) (12 chamcters maximum) 


Box No. I TITLE OF INVENTION 

INSTRUMENT FOR MONITORING POLYMERASE CHAIN REACTION QF DNA 


Box No. D APPLICANT 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
Vie address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (ue. country) of residence if no Stale of residence is indicated below.) 

THE PERKIN-EIMER CORPORATION 
761 Main Avenue 

Norwalk, Connecticut 06859-0199 
United States of Anerica 


| | This person is also inventor. 
Telephone No. 

203-761-5123 

Facsimile No. 

203-761-2888 

Teleprinter No. 


State [i.e. country) of nationality: 

US 


Slate (i.e. country) of residence: 

US 


This person is applicant I | all designated r— | all designated Slates except j ] the Uniled States | ] the Slates indicated in 

for the purposes of: 1 1 States [X] the United States of America | ] of America only 1 1 the SupplemcntalSJ! 


Box No. Ill FURTHER APPLICANTS) AND/OR (FURTHER) INVENTORY) 


Name and address: (Family namefolUrwed by given namejbr a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (ue. country) of residence if no State of residence is indicated belt/w.) 

GAMBINI, Michael R. 
181 Josiesing Road 
Monroe, Connecticut 06468 
United States of Arerica 


This person is: 

| [ applicant only 

| x] applicant and inventor 

| | inventor only (// this check-box 
is marked, do not Jill in below.) 


State (i.e. country) of nationality: 

US 


State (i.e. country) of residence: 
US 


This person is applicant I 1 all designated I I a ]l designated States except f— ] the United States [~ l the States indicated in 
for the purposes of: 1 1 States | 1 (hc Un & d Stales of America [X_ of America only l_J the SiipplemelSl 


(^] Further applicants and/or (further) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf v 1 1 

of the applicants) before the competent International Authorities as* x a£Cnt 1 j common representative 


Name and address: ( Family name fallowed by given name; for a legal entity, fall official designation. 
The address must include postal code and name of country.) 

AKER, David 

The Perkin-Elmer Corporation 
761 Main Avenue 
NorwaUc, Connecticut 
United States of America 


Telephone No. 

203-761-5123 

Facsimile No. 

203-761-2888 

Teleprinter No. 


I ] Mark this check-box where no agent or common representative is/has been appointed and the space above is used instead to 
1 i indicate a special address to which correspondence should be sent. 



Form PCT/RO/101 (first sheet) (January 1997; reprint July 1997) See Notes to the request fc 



Sheet No. 


Continuation of Box No, in FURTHER APPLICANTS AND/OR (FURTHER) INVENTORS 


If none of the following sub-boxes is used, this sheet is not to be included in the request 


Bar ts the applicant's Stale (lc country) of residence if no Stale oj resldJna i is Mini™ Maw.) 

ATWOOD, John G. 
149 Limekiln Road 
Redding, CT 06896 
United States of America 


This person is: 

| | applicant only 

| X| applicant and inventor 

I | inventor only (If this check-box 
is marked, do not fdl in below.) 


State (lc. country) of nationality: 

Ub 


State fie. country) of residence: 

US 


This person is applicant ( | all designated ( ] all designated States except i 1 the United States t 1 the <!Mt« ini1 :,„ a • 

for the purposes of: 1_J State, [_J the United S«atc5 of Ame&a Q of ArnericVS!" Q |£ S^lcScn^Box 


Name and address: f/amify namefalUiwed by given nameijor a legal entity, fall official designation. 
The orf£«i must include postal cod and name at country. The country oft)* mldrelsSdSd ™ this 
Box ts the applicant's State (lc. country) of residence if no State of residence is indicated below.) 

YOUNG, Eugene F. 
802 Balboa Lane 

Foster City, California 94404 
United States of America 


This person is: 

| | applicant only 

|X | applicant and inventor 

| [ inventor only (If this check-box 
ts marked, do not fill in below.) 


Mate (t.e. country) of nationality: 

US 


Slate (i.e. coxmtry) of residence: 

US 


This person is applicant j i all designated | 1 all designated Slates except | 1 the United States i 1 the state, inrfi,-,i«t i„ 

for the purposes of: LJ Slates |_J the United Slates of America kJ of America only Q Suwlcr^nlai Bo* 


Name and address: ffamify name followed by gn-en name; for a legal entity, fill official designation. 
Vie address must include postal code and name of country. The atuntry of the address indicated in this 
Box is the applicant's Stale (lc, country) of residence if no State of residence is indicated below.) 

LAKATOS, Edward J. 
56 Ridgedale Road 
Bethel, Connecticut 06801 
United States of Anerica 


This person is: 

[ | applicant only 

| ^] applicant and inventor 

( 1 inventor only (If this check-box 
' is marked, do not fill in below.) 


State (ue. country) of nationality: 

US 


State (i.e. country) of residence: 

US 


This person is applicant i i all designated I | all designated Slates except r—i the United States i 1 the Stales Indicated in 

for the purposes of: 1 1 States LJ the United States of America feU of America only \_J the Sup^ememal TboI 


Name and address: (Family name followed by gh<en namerfor a legal entity, full official designation. 
7fte address must include postal code and name of country. The cowury of die address indicated in this 
Box is the applicant s State (lc country) of residence if no State of residence is indicated below.) 

CERROSE, Anthony L. 
51 Knee land Road 
New Haven, Connecticut 
United States of America 


This person is: 

| | applicant only 

|X ) applicant and inventor 

Q~] inventor only (If this check-box 
is marked, do not fdl in below.) 


State (i.e, country) of nationality: 

US 


State (i.e. country) of residence: 

US 


pis person ts applicant 1 | all designated ( | a ]| designated States except (— 1 the United States | 1 the Slates indicated in 

for the purposes of: I 1 States j ) lh e United States of America LXJ °f America only | | the Supplerrental Box 


I Further applicants and/or (further) inventors are indicated on another continuation sheet. 



Sheet No. ..3. 



Box No.V DESIGNATION OF STATES 



The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes; at least one must be marked): 
Regional Patent 
□ AP 



□ 



□ 



ARIPO Patent: GH Ghana, KE Kenya. LS Lesotho, MW Malawi, SD Sudan, SZ Swaziland, UG Uganda. 
ZW Zimbabwe and any other State which is a Contracting State of the Harare Protocol and of the PCT 
EA Eurasian Patent: AM Armenia. AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakstan, MD Republic of 
Moldova, RU Russian Federation. TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State 
of the Eurasian Patent Convention and of the PCT * 

EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, DE Germany. DK Denmark, 
ES Spain. FI Finland, FR France. GB United Kingdom, GR Greece. IE Ireland. IT Italy, LU Luxembourg, MC Monaco 
NL Netherlands, PT Portugal, SE Sweden, and any other State which is a Contracting State of the European Patent 
Convention and of the PCT ' 

OA OAPI Patent: BF Burkina Faso. BJ Benin, CF Central African Republic. CG Congo, CI Cote d'lvoire, CM Cameroon 
GA Gabon, GN Guinea, ML Mali, MR Mauritania. NE Niger. SN Senegal. TD Chad, TG Togo, and any other State 
which is a member State of OAPI and a Contracting State of the PCT (if other kind of protection or treatment desired, specify 
on dotted line) ^ 



National Patent (if other kind of protection or treatment desired, specify on dotted line): 



□ 
□ 
□ 

m 
a 
a 
□ 
□ 
□ 
□ 

ED 
□ 
IS 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 

□ 
□ 
D 
□ 
□ 
□ 
□ 
□ 



AU 
AZ 
BA 
BB 
BG 
BR 
BY 
CA 



CU 

CZ 

DE 

DK 

EE 

ES 

FI 

GB 

GE 



AL Albania 

AM Armenia 

AT Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Bulgaria , 

Brazil 

Belarus 
Canada 

CH and LI Switzerland and Liechtenstein 

CN China 

Cuba 

Czech Republic 

Germany 

Denmark 

Estonia 

Spain 

Finland 

United Kingdom 

Georgia 



GH Ghana 

HU Hungary . . 

Israel 

Iceland 

Japan 

Kenya . 

Kyrgyzstan 



IL 
IS 
JP 
KE 
KG 

KP Democratic People's Republic of Korea 



KR 
KZ 
LC 
LK 
LR 
LS 
LT 
LU 



Republic of Korea 

Kazakstan 

Saint Lucia 
Sri Lanka 
Liberia 

Lesotho 

Lithuania 

Luxembourg 



□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 



□ 
□ 
□ 
□ 



LV Latvia 

MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 



MN Mongolia 

MW Malawi 

MX Mexico 

NO Norway 

NZ New Zealand 

Poland 

Portugal 

Romania 

Russian Federation .... 
Sudan 
Sweden 
Singapore 

Slovenia 

Slovakia 

Sierra Leone 

Tajikistan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago . . . 

UA Ukraine 

UG Uganda 

US United States of America , 



PL 

PT 

RO 

RU 

SD 

SE 

SG 

SI 

SK 

SL 

TJ 



UZ Uzbekistan 
VN Viet Nam . 
YU Yugoslavia 
ZW Zimbabwe 



Check-boxes reserved for designating States (for the purposes of 
a national patent) which have become party to the PCT after 
issuance or this sheet: 

□ 

□ 

□ 

□ 

□ 



In addition to the designations made above, the applicant also makes under Rule 4.9(b) all designations which would be permitted 

under the PCT except the designation(s) of 

The applicant declares that those additional designations are subject to confirmation and that any designation which is not confirmed 
before the expiration of 15 months from the priority date is to be regarded as withdrawn by the applicant at the expiration of that time 
limit. (Confirmation of a designation consists of the filing of a notice specifying that designation and the payment of the designation and confirmation 
fees. Confirmation must reach the receiving Office within the 13-month time limit,) 



Form PCT/RO/I01 (second sheet) fJuIv 1997) 



See Notes to the reauest form 



Sheet No. ..4 



Box No. VI PRIORITY CLAIM 



Further priority claims are indicated in the Supplemental Box | | 



priority of the following earlier applications) is hereby claimed: 



Country 
(in which, or for wA/cft, the 
application was filed) 



item (1) 



US 



item (2) 



US 



item (3) 



Filing Date 
( d ay/mon th/year) 



16 May 1998 



14 July 1998 



Application No. 



60/085,765 



60/092,784 



Office of filing 
, (only for regional or 
international »-•-—•- 



application) 



Q SS^^nSTSS nf7h by T" 1 * r° - and transmit 10 <*" International , , , 

ljsj bureau a certified copy of the earCcr application^) identified above as item(s) : ( 1 ) and (2) 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



EP 



Box No. Vni CHECK LIST 



This international application contains 
the following number of sheets: 



1. request 

2. description 

3. claims 

4. abstract 

5. drawings 

ToUl 



4 sheets 

18 sheets 

13 sheets 

^ sheets 

^ sheets 

43 sheets 



Figure No. . 



This international application is accompanied by the item(s) marked below- 
I. separate signed 5< r^n ^ ^ 



[771 separate signed 

LAJ power of attorney 

2 J 1 copy of general 

I I power of attorney 

3. | | statement explaining 



6. I I separate indications concerning 

I I deposited microorganisms 

7 J I nucleotide and/or amino acid 

* I — I sequence listing (diskette) 



lack of signature 

4 I | priority document(s) Q i 1 

' I I identified in Box No. VI 8 * | o^er (specify): 

as Uem(s): 



of the drawings (if any) should accompany the abstract when it is published. 



Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Ne* m e0 cH i^rr. in *a*e d. nan. of Ae p.non ^ an* the ca^ry in ^ du penan ^ (if ^ opacity b ^ ^ ^ ^ ^ 



David Aker 
Agent 



1 . Date of actual receipt of the purported 
international application: 



For receiving Office use only 



3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 



4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 



5. International Searching Authority TO . 
specified by the applicant: JoA / 



6. 



□ Transmittal of search copy delayed 
until search fee is paid 



2. Drawings: 
| 1 received: 

I | not received: 



Date of receipt of the record copy 
by the International Bureau: 



For International Bureau use only 



Form PCT/RO/J01 (last sheet) (January J 994: reprint Julv 1997) 



See Notes to lite request form 



r^fl^TENT COOPERATION TREA 





From the INTERNATIONAL SEARCHING AUTHORITY 



To: 



The PERKIN-ELMER CORPORATION 
Attn. AKER, David 
761 Main Avenue 
Norwalk, CT 06859-0181 
UNITED STATES OF AMERICA 



PCT 



NOTIFICATION OF RECEIPT 
OF SEARCH COPY 



(PCT Rule 25.1) 



Date of mailing 
(day/month/year) 



16/07/1999 



Appiicant'b oi ayeru'tt file reference 

BT-4584/PCT 7^2 f ^<D 



IMPORTANT NOTIFICATION 



International application No. 

PCT/ US 99/ 11088 



International filing date (day/month/year) 

17/05/1999 



Priority date (day/month/year) 

16/05/1998 



Applicant 

THE PERKIN-EIMER CORPORATION et al . 



1 . Where the International Searching Authority and the Receiving Office are not the same office: 

The applicant is hereby notified that the search copy of the international application was received by this International 
Searching Authority on the date indicated below. 

Where the International Searching Authority and the Receiving Office are the same office: 

The applicant is hereby notified that the search copy of the international application was received on the date indicated below. 



21/06/1999 



. (date ofreoeipt). 



2. Q The search copy was accompanied by a nucleotide and/or amino acid sequence listing in computer readable form. 



3. 



Time limit for establishment of International Search Report 

The applicant is informed that the time limit for establishing the International Search Report is 3 months 1 
receipt indicated above or 9 months from the priority date, whichever time limit i milium lului _-„iL/f.,LJ 

^Tegal dept. 



A copy of this notification has been sent to the International Bureau and, where the first sentence of paragraph 1 applies, 
to the Receiving Office. 



Name and mailing address of the International Searching Authority 
European Patent Office, P.B. 581 8 PatentJaan 2 
-HI NL-2280 HV Rijswijk 

BfJJ Tel. (+31 -70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 




Authorized officer 



ISA/EP 



Form PCT/ISA/202 (July 1 998) 



; PATENT COOPERATION TREATS 

PCT 




INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agenf s file reference 
BT-4584/PCT 


* FOR FU RTH E R see Notification of Transmittal of International Search Report 
£CT|0|\| (Form PCT/ISA/220) as well as, where applicable, item 5 below. 


International application No. 

PCT/US 99/11088 


International filing date (day/month/year) 

17/05/1999 


(Earliest) Priority Date (day/month/year)^ 

16/05/1998 - 


Applicant ~ — 

THE PERKIN-EIMER CORPORATION et al. 


This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 

\ 

This International Search Report consists of a total of 3 sheets 

PH I* is a 'so accompanied by a copy of each prior art document cited in this report. 





a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I tne international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

I | contained in the international application in written form. 

I I f fed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readble form 

□ 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 



Q the statement that the information recorded in computer readable form is identical to the.written sequence listino has been 
furnished 

I I Certain claims were found unsearchable (See Box I). 
I | Unity of invention is tacking (see Box II). 



4. With regard to the title, 

(X) the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

PH the text is approved as submitted by the applicant. 
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